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PREFACE. 



T 



<HIS book is intended for those who are beginning the subject. 
For this reason, special care has been taken to select foi 
treatment such compounds as best serve to make clear the 
fundamental principles. Greneral relations as illustrated by special 
cases are discussed rather more fully than is customary in books 
of the same size; and, on the other hand, the number of com- 
pounds taken up is smaller than usual. The author has endeav- 
ored to avoid dogmatism, and to lead the student, through a 
careful study of the facts, to see for himself the reasons for 
adopting the prevalent views in regard to the structure of th« 
compounds of carbon. Whenever a new formula is presented^ 
the reasons for using it are given so that it may afterward be 
used intelligently. It is believed that the book is adapted to 
the needs of all students of chemistry, whether they intend 
to follow the pure science, or to deal with it in its applica* 
tions to the arts, medicine, etc. It is difficult to see how, 
without some such general introductory study, the technical 
chemist and the student of medicine can comprehend what is 
usually put before them imder the heads of "Applied Organic 
Chemistry" and "Medical Chemistry." 

Without some direct contact with the compounds considered, 

it is impossible to get a clear idea regarding them and their 

k changes. A course of properly selected experiments, illustrating 

J the methods used in preparing the principal classes of com- 

58 pounds, and the fundamental reactions involved in their trans- 

S formations, wonderfully facilitates the study. The attempt has 

ac 
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been made to give directions for such a course, "hucte than 
eighty experiments which could be performed in any chemical 
laboratory are described; and it is hoped that the plan may 
meet with approval. The time required to perform a fair pro- 
portion of these experiments is not great; and the results in the 
direction of enlarging the student's knowledge of chemical phe- 
nomena, will, it is firmly believed, furnish a full compensation 
Cor the time spent. 

The order in which the topics are taken up will be found to 
differ somewhat from that commonly adopted. Thd object in view 
was, however, not to find a new method, but to find one which 
would bring out as clearly as possible the beauty and simplicity 
of the relations which exist between the different classes of car- 
bon compounds. The reasons for the method used are given in 
the body of the book. 

The experience of the past few years in the use of this book as 
a laboratory-guide for students has revealed a number of imper- 
fections in the descriptions of experiments. The author has now 
gone carefully over the whole book, and has made such corrections 
and additions as seemed desirable. By following the new directions 
conscientiously the student will, it is believed, find no serious diffi- 
culty in getting satisfactory results. The text proper, as well as 
the directions for work, has been thoroughly revised. 



Again this book has been subjected to a thorough revision. The 
chapter on the Carbohydrates has been almost entirely rewritten, 
and the most recent results obtained in the investigation of these 
compounds have been presented. 



The author has again carefully examined this book and made all the 
changes in it that are called for by the advance of the subject. 

1901. 
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CHEMISTET 



OF THB 



COMPOUIS^DS OF CARBOK 



CHAPTER I. 

INTRODUCTION. 

In studying the compounds of carbon, one cannot fail to 
be struck by their large number, and bj^ the ease with which 
the}'^ undergo change when subjected to various influences. 
Mainly on account of the large number, though partly on 
account of peculiarities in their chemical conduct, it is custom- 
ary to consider these compounds by themselves. At first, 
General Chemistry was divided into Inorganic and Organic 
Chemistry^ as it was believed that there were fundamental 
differences between the compounds included under the two 
heads. Those compounds which form the mineral portion of 
the earth were treated under the first head, while those which 
were found ready formed in the organs of plants or animals 
were the subject of organic chemistry. It was believed that, 
as the organic compounds are elaborated under the influence of 
the life process, there must be something about them which 
distinguishes them from the inorganic compounds in whose for- 
mation the life process has no part. Gradually, however, this 
idea has been abandoned ; for, one by one, the compounds 
which are found in plants and animals have been made in the 
chemical laboratory, and without the aid of the life process. 
The first instance of the preparation of an organic compound 
by an artificial method was that of urea. This substance 
was obtained b}' Wohler in 1828 from ammonium cyanate. 
When a water solution of the latter is allowed to evaporate, urea 
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is deposited. Up to the time of Wohler's discovery, the 
formation of urea, like that of other organic compounds, was 
thought to be intimately and necessarily connected with life ; 
but it was thus shown that it could be formed without the inter- 
vention of life. Afterward, it was shown that potassium 
cyanide can be made by passing nitrogen over a heated mixture 
of carbon and potasshmi carbonate ; and, as potassium cyanate 
can be made from the cyanide by oxidation, it follows that 
urea can be made from the elements. Finally, in 1856, Berthe- 
lot succeeded in making potassium formate by passing carbon 
monoxide 07er heated potassium hydroxide ; and in making 
acetylene, a compound, the composition of which is represented 
by the formula C2H2, by passing electric sparks between elec- 
trodes of carbon in an atmosphere of hydrogen. Since that 
time, every year has witnessed the artificial preparation, by 
purely chemical means, of compounds of carbon which are found 
in the organs of plants and animals. 

It hence appears that the formation of the compounds of 
carbon is not dependent upon the life process ; that they are 
simply chemical compounds governed by the same laws that 
govern other chemical compounds ; and the name, Organic 
Chemistry^ signifying, as it does, that the compounds included 
under it are necessarily related to organisms, is misleading. 
Organic chemistry is nothing but the Chemistry of the Com- 
pounds of Carbon. It is not a science independent of inorganic 
chemistry, but is just as much a part of chemistrj- as the chem- 
istry of the compounds of sodium, or of the compounds of 
silicon, etc. 

The name Chemistry of the Compounds of Carbon has been 
objected to as being too. broad. Strictly speaking, this title 
includes the carbonates, and it is customary to treat of these 
widely distributed substances under the head of Inorganic 
Chemistry. Most books on Inorganic Chemistry also deal with 
some of the simpler compounds of carbon, such as the oxides, 
cyanogen, marsh gas, etc. 



SOURCES OF COMPOUNDS. 3 

This objection is of weight only as far as the carbonates 
are concerned, and it does not appear strong enough to make 
the introduction of a new name necessary. It should be men- 
tioned, however, that the name Chemistry of the Hydrocarbons 
and their Derivatives has recentl}^ been suggested. The exact 
significance of this name will appear when the compounds with 
which we shall have to deal come up for consideration. 

Sources of compoTinds. — The compounds of carbon are, 
for the most part, made in the laboratory ; but in preparing 
them we usually start with a few fundamental compounds 
which are formed by natural processes. A large number, such 
as the sugars, starch, cellulose, and the alkaloids, of which 
morphine, quinine, and nicotine are examples, occur ready 
formed in plants, but always mixed with other substances. 
Others, such as urea, uric acid, albumin, etc., occur in animal 
organisms. Petroleum^ which has been formed in nature by 
processes, the exact nature of which has not yet been satis- 
factorily explained, contains a large number of compounds con- 
sisting of only carbon and hydrogen; and these compounds 
serve as the starting-points in the preparation of a large number 
of derivatives. When coal is heated for the purpose of manu- 
facturing illuminating gas, a very complex mixture of liquid 
and solid products is obtained as a by-product, known as coal 
tar. This substance yields some of the most valued compounds 
of carbon. A larger number of the compounds of carbon are 
obtained from this than from any other one source. When 
bones are heated in the manufacture of bone-black, an oil 
known as hone oil is obtained. This also has proved to be 
the source of a large number of interesting compounds. In 
the preparation of charcoal by heating wood, the liquid prod- 
ucts are sometimes condensed, and they form the source of 
several important compounds, among which may be mentioned 
wood spirits or methyl alcohol, acetone, and pyroliqneQu& est 
acetic acid. 
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Finally, we are dependent upon the process known as /er- 
mentation for a number of the most important compounds of 
carbon. Fermentation, as will be shown, is a general term, 
signifying any process in which a change in the composition of 
a body is effected by means of minute animal or vegetable 
organisms. The best known example of fermentation is that 
of sugar, which gives rise to the formation of ordinary alcohol. 
Alcohol in turn serves as the starting-point for the preparation 
of a large number of compounds. 

Purification of the compoTinds. — Before the natural 
compounds of carbon can be studied chemically, they must, of 
course, be freed from foreign substances ; and before the con- 
stituents of the complex mixtures, petroleum, coal tar, and bone 
oil can be studied, they must be separated find purified. The 
processes of separation and purification are, in many cases, 
extremely difficult. If the substance is a solid, diflferent 
methods may be used according to the nature of the substance. 
OrystcUUzation is more frequently made use of than any other 
process. This is well illustrated, on the large scale, in the 
refining of sugar, which consists, essentially, in dissolving the 
sugar in water, filtering through bone-black, which absorbs 
coloring matter, and then evaporating down to crjstallization. 
When two or more substances are found together, they may, in 
many cases, be separated by what is called /rac^iOTiaZ crystalliza^ 
tion. This consists in evaporating the solution until, on cool' 
ing, a comparatively small part of the substance is deposited. 
This deposit is filtered off, and the solution further evaporated ; 
>rhen a second deposit is obtained, and so on to the end. The 
successive deposits thus obtained are then recrystallized, each 
separately, until, finally, the deposits are found to be homo- 
geneous. 

The chief solvents used are water, alcohol, ether, benzine, 
and bisulphide of carbon; alcohol being the most generally 
applicable. 
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In the case of liquids, the proce8s of distiUation is used. 
The apparatus commonly used is illustrated in Fig. 1. 




The only part of the apparatus that requu^s explana- 
tion IB the tube A This is known as the distttltjig tube. 
It is simply a straight glass 
tube, abdut 16"° long and 12 to 
14"" in diameter, to which is 
attached a smaller branch some- 
Trhat inclined downward. The 
object of the tube is to accom- 
modate a thermometer B, which 
ia 80 fixed by means of a cork, 
that it is in the centre of the 
lai^er tube, and its bulb directly 
opposite the opening of the 
smaller branch. 

Forsmall quantities of liquids, 
the distilling flask is miich used. This is a long-necked, round 
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flask, with a branch tube fitted directly into the neck, as shown 
in Fig. 2. In this apparatus, the thermometer is .fitted into 
the neck of the fiask in the same relation to the exit tube as in 
the larger apparatus. 

For the separation of liquids of different boiling-points, the 
process oi fractional or partial distillation is much used. When 
a mixture of two or more liquids of different boiling-points is 
boiled, it will be noticed that the boiling-point gradually rises 
from that of the lowest boiling substance to that of the highest. 
Thus, ordinar}^ alcohol boils at 78®, and water at 100°. If the 
two are mixed, and the mixture distilled, it will be found that it 
begins to boil at 78°, but that very little passes over at this 
zemperature. Gradually, as the distillation proceeds, the tem- 
perature indicated by the thermometer becomes higher and 
higher, until at last 1 00° is reached, when all distils over. Now 
the distillates obtained at the different temperatures differ from 
each other in composition. Those obtained at the lower tem- 
peratures are richer in alcohol than those obtained at the higher 
temperatures, but none of them contains pure alcohol or pure 
water. In order to separate the two, therefore, we must pro- 
ceed as follows : A number of clean, dry flasks are prepared for 
collecting the distillates. The boiling is begun, and the point 
at which the first drops of the distillate appear in the receiver is 
noted. That which passes over while the mercury rises through 
a certain number of degrees (3, 5, or 10, according to the char- 
acter of the mixture) is collected in the first flask. The receiver 
is then changed, without interruption of the boiling, and that 
which passes over while the mercury rises through another 
interval equal to the first is collected in the second flask. The 
receiver is again changed, and a third distillate collected ; and 
so on, until the liquid has all been distilled over. It has thus 
been separated into a number of fractions, each of which has 
passed over at different temperatures. In the case of alcohol 
and water, for example, we might have collected distillates from 
78° to 83°, from 83° to 88°, from 88° to 93°, from 93° to 98°, 
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from 98® to 100°, Now a clean distilliug flask is taken, and 
into this the first fraction is poured. This is distilled until the 
thermometer marks the upper limit of the original first fraction, 
the new distillate being collected in the flask which contained the 
firat fraction. When this upper limit is reached, the boiling is 
stopped. It will be found that there is some of the liquid left 
in the distilling flask. That is to say, assuming that in the first 
distillation the first fraction was collected between 78° and 83°, 
on boiling this fraction the second time it will not all come over 
between these points ; when 83° is reached some will be left in 
the flask. The second fraction is now poured into the distilling 
flask through a funnel tube, and the boiling is again started. 
Of the second fraction, a portion will pass over below the point 
at which it began to boil when first distilled. Collect in the 
proper flask, and continue the boiling until the thermometer 
marks the highest point of the fraction last introduced, changing 
the receiver whenever the indications of the thermometer require 
it. Now stop the boiling, and pour in fraction No. 3, and so 
on until all the fractions have been subjected to a second distil- 
lation. On examining the new fractious, it will be found that 
the liquid tends to accumulate in the neighborhood of certain 
points corresponding to the boiling-points of the constituents of 
tlie mixture. The distilling flask is now cleaned, and the whole 
process repeated. A further separation is thus effected. By 
continuing the distillation in this way, pure substances can, in 
most cases, eventually be obtained. That the fractions are 
pure can be known by the fact that the boiling-points remain 
constant. In some cases perfect separation cannot be effected 
by means of fractional distillation ; as, for example, in the 
case of alcohol and water. But still it is valuable, even in 
such cases, as it enables us to purify the substances, at least 
partially. 

The best examples of distillation carried on on the large scale 
are those of alcohol and petroleum. Probably the best example 
of fractional distillation is that of the light oil obtained from 
coal tar. 
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Experiment 1. Mix equal parts (about half a litre of each) of alco- 
hol aud water. Distil through four or five times, and notice the 
changes in the quantities obtained in the different fractions. 

. Determination of the boilingr-point. — In dealing with 
liquids, it often is extremely difficult to tell whether they are 
pure or not. The first and most important physical property 
which is utilized for this purpose is the boiling temperature, 
commonly called the boiling-point. This is determined by 
means of an apparatus, such as is described above as used for 
distilling. The temperature noted on the thermometer when 
the liquid is boiling is the boiling-point. When great accuracy 
is required, the point observed directly must be corrected, in 
consequence of the expansion of the glass and the cooling of 
that part of the column of mercury which is not in the vapor. 
Full directions for making these corrections can be found in 
larger books. A constant boiling-point is characteristic of a 
pure chemical compound. 

Determination of the meltingr-point. — Just as the boil- 
ing-point is a very characteristic property of liquid bodies, so 
the melting-point is an equally characteristic property of many 
solid bodies. If a substance begins to melt at a certain tem- 
perature, and does not melt completely at that temperature, it 
is, in all probability, impure. By means of the melting-point 
minute quantities of impurities, which might readily escape 
detection by other means, are often found. In dealing with the 
compounds of carbon, determinations of melting-points are very 
frequently made. In general, only those compounds which have 
constant melting-points are to be regarded as pure. The deter- 
mination is made as follows: Small tubes are prepared by 
heating a piece of ordinary soft glass tubing of 4™™ to 5™™ 
diameter, and drawing it out. If the parts are drawn apart 
about li^ to 15^, two small /tjibes may be made from the 
narrowed portion by melting together in the middle, and then 
filing off each piece where it begins to grow wider near tiie 
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lai^e tube. These small tubes must have thin valle, and ba 
of such iuternal diameter that an ordinary pin can he intro- 
duced into them. A small quantity of the subetance to be 
tested is placed in one of the tubes, enough to make a minute 
column of about 5"™ in height. The tube containing the 
substance is fastened to a thermometer by means of a small 
rubber band cut from a piece of rubber tubing. The band is 
placed near the upper part of the tube, and the lower part of 
the tube, containing the substance, is placed against the bulb 
of the thermometer. Now a beaker glass of about 100" 
capacity is filled with pure paraffin, and the latter melted. 
When it is in liquid condition, the thermometer, with the tube 
and substance, is introduced 
into it, and the heating con- 
tinued with the aid of a 
small flame until the sub- 
stance melts. The instant it 
melts the temperature indi- 
cated by the thermometer 
is noted. This is the melt- 
ing-point required. It is 
necessary, however, to cor- 
rect the observed point in 
the same way as in the case 
of the boiling-point. Some- 
tames, instead of paraffin, , 
concentrated sulphuric acid 
is used in the bath ; and 
instead of a beaker, a small 
round-bottomed flask. For ^^^^^i^M^B^^^i^^^^^^* 
substances which melt below '' 

80°, the temperature at which ordinary parafHn is liquid, water 
or Bulpbucic acid should be used, 

BzperlmeDt 2. Detcnninc the melting-points of a few substances, 
BDcb as urea and tartaric acid. If they do not melt at definite points, 
i«crf staUlze them unttl the; do. Note tbe meYUi^-V^\\iL^» •jown^^^. 
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and see how well they agree with those stated In the book. The 
arrangement of the apparatus above described is shown in Fig. 3. To 
secure a uniform temperature of the bath, it should be gently stirred 
with a glass rod during the experiment. The mercury of the ther- 
mometer should rise slowly. 

Analysis. — Having pnrified thes, compounds, the next step 
is to determine their composition. A comparatively small num- 
ber of the compounds ordinaril}' met with consist of carbon and 
hydrogen only ; the largest number consist of these two elements 
together with oxygen ; many contain carbon, hydrogen, oxygen, 
and nitrogen. But, in the derivatives of the fundamental com- 
pounds, all other elements may occur. Thus the hydrogen may 
be partly or wholly replacec^ by chlorine, bromine, or iodine, as 
in the so-called substitution-products ; and any metal may occur 
in the salts of the acids of carbon. The estimation of carbon 
and hydrogen is the principal problem in the analysis of the 
compounds of carboii. This is effected by what is known as 
the combustion process, A known weight of the substance is 
completely oxidized, the carbon being thus converted into car- 
bon dioxide, and the hydrogen into water. These two products 
are collected, the carbon dioxide in a^ solution of potassium 
hydroxide, the water in calcium chloride, and weighed. From 
the weights of the products the weights of carbon and hydrogen 
are calculated. Oxygen, if present, is not estimated directl}', 
but by difference, i.e., the weights of carbon and hydrogen found 
are added together, and the sum subtracted from the weight of 
the original substance. The difference represents the weight 
of the oxygen. 

A detailed description of the apparatus and of the method of 
procedure need not be given here, as it can be found in any 
book on analytical chemistry. A brief description, however, 
maj^ not be out of place. The combustion is effected in a hard 
glass tube which is heated by means of a gas furnace con- 
structed for the purpose. Ordinarily, the substance is placed 
in a narrow porcelain or platinum vessel, called a hoat^ which is 
introduced into the tube with granulated copper oxide. The 
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tube is then connected with (1) a u-tube filled with calcium 
chloride ; (2) a set of bulbs containing a solution of potassium 
hydroxide, and constructed so as to secure thorough contact of 
the passing gases with the solution ; and (3) a small U-tube 
filled with solid potassium hydroxide. After the combustion is 
completed, a current of pure dry oxygen is passed through the 
tube ; and, finally, air is passed until the oxj'gen is displaced. 
The method at present used was introduced by Liebig. It 
has contributed veiy greatly to a thorough understanding of 
the compounds of carbon. 

Two methods are in common use for the estimation of nitrogen 
in carbon compounds. The first is known as the absolute method. 
This consists in oxidizing the substance by means of copper 
oxide ; then decomposing, by means of highly-heated metallic 
copper, any oxides of nitrogen which may have been formed, 
and collecting the nitrogen. The volume of the nitrogen thus 
obtained is measured, and its weight easily calculated. The 
chief diflSculty in this method consists in removing the gases 
contained in the apparatus before the combustion is made. To 
do this, the simplest wav is to use a mercury air-pump. Several 
simple forms of the pump have been devised for this purpose, 
and some of them work admirably. Having exhausted all the 
air, the combustion is made by heating the tube containing the 
substance and copper oxide and a layer of copper foil; and, 
finally, the gases are exhausted at the end of the operation. 
The only three gases which can be present, assuming that the 
substance contained nothing but carbon, hydrogen, oxj'gen, and 
nitrogen, are carbon dioxide, water vapor, and free nitrogen. 
The water vapor is, of course, condensed, and the carbon dioxide 
is absorbed by passing the gases through a solution of potassium 
hydroxide, leaving the nitrogen thus alone. 

The second method for the estimation of nitrogen consists in 
heating the substance with a mixture of sodium hydroxide and 
quicklime, called soda-lime, or with sulphuric acid and potas- 
sium permanganate. The nitrogen is thus converted into 
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ammonia^ which is collected in a known quantity of dilute 
hydrochloric or sulphuric acid. After the operation, the 
amount of acid remaining unneutralized is determined by 
titration; and from this the amount of ammonia formed can 
be calculated; and from this, in turn, the amount of nitrogen. 
This method is not applicable to all compounds, because the 
nitrogen of some compounds is not converted into ammonia 
under the circumstances mentioned. 

As regards the estimation of other constituents of carbon 
compounds, it need only be said that in most cases it is neces- 
sary to get rid of the carbon and hydrogen by some oxidizing 
process before the estimation can be made. Thus, in estimating 
sulphur, it is customary to fuse the substance with potassium 
nitrate and hydroxide, when the carbon and hydrogen are 
oxidized, and the sulphur is left in the form of potassium sul- 
phate, and can be estimated in the usual way. 

Formula. — The deduction of the formula of a compound 
from the results of the analysis involves two steps. The first 
is a matter of simple calculation. It is assumed that the 
students who use this book are already familiar with the method 
of calculating the formula from the analytical results ; but an 
example will, nevertheless, be given. Suppose that the analysis 
has shown that the substance contains 52.18 per cent carbon, 
13.04 per cent hydrogen, and 34.78 per cent oxygen. To get 
the atomic proportions, divide the figures representing the per- 
centages of the elements by the corresponding atomic weights. 
We have thus : — 





Per- 


Af wf Relative 
Ai. wi. j^^ of Atoms. 


c 


52.18 - 


: 12 = 4.35 2 


H 


13.04 -1 


- 1 = 13.04 - 6 





34.78 - 


1- 16 = 2.17 - 1 



That is to say, accepting the atomic weights, 12 for carbon and 
16 for oxygen, the simplest figures representing the number of 
atoms of the three elements in the compound are 2 for carbon, 
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6 for h3^drogen, and 1 for oxygen. According to this, the 
simplest formula that can be assigned to a substance giving 
the above results on analysis is C2HeO. But the formula 
C4H12O2 is equally in accordance with the analytical resul^, and 
we can only decide between the two by determining the molecular 
weight. This, as is known, is done by determining the specific 
gravity of the substance in the form of vapor. This operation 
is of ttie greatest importance. It is assumed that the student, 
who has already studied the elements of inorganic chemistry, is 
familiar with it, and with the exact connection which exists 
between it and the molecular weights of compounds. A few 
statements in regard to the connection will, however, be made 
here, in order to recall its chief points, and to impress upon the 
mind of the student its fundamental importance. 

Every chemical formula is intended to represent the molecule 
of a compound and the composition of the molecule. Our 
conception of the molecule is based almost exclusively on 
Avogadro's hypothesis, according to which equal volumes of all 
gases contain the same number of molecules. Hence, by com- 
paring equal volumes of bodies in the form of gas or vapor, we 
get figures which bear to each other the same relations as the 
weights of the molecules. The figures called the specific gravi- 
ties express the relations between the weights of equal volumes. 
In the case of gases, air is taken as the standard, and the 
weights cf other gases are compared with this standard. Thus, if 
we say that the specific gravity of a gas is 0.918, we mean that 
if we call the weight of any volume of air 1, that of the same 
volume of the other gas measured under the same conditions of 
temperature and pressure is 0.918. If we assign to any com- 
pound a certain molecular weight, the molecular weights of other 
gaseous compounds can be determined without diflSculty. We 
must, therefore, first select some substance, the molecule of 
which may be used as the standard. Hydrochloric acid is 
commonly taken, because hydrogen and chlorine unite with 
each other in only one proportion, and there is good evidence 
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in favor of the view that it represents the simplest kind oi 

combination, viz., that of one atom of one element witti one of 

another. Hydl'Ogen and chlorine are present in the compound 

in the proportion of 1 part of hydrogen to 35.4 parts of chlorine ; 

hence the simplest molecular weight that can be assigned to 

the compound, the atomic weight of hydrogen being 1, is 36.4. 

The molecular weight of this standard molecule is, therefore, 

taken to be 36.4, and we have now simply to compare the 

weights of other gases with that of hydrochloric acid in ordei 

to know their molecular weights. Thus, to illustrate by means 

of the body whose atomic relations we found by analysis to be 

represented by the formulas C^Hfi^ C4H12O2) etc., if this body 

be converted into vapor and its specific gravity determined, it 

might be found to be 1.6. The relation between the molecular 

weight of any body and its specific gravity is expressed by the 

equation 

M= dx 28.88, 

in which M is the molecular weight, and d the specific gravity 
of the substance in the form of gas or vapor. As cZ is 1.6 in 
the case under consideration, we have 

Jf (the unknown molecular weight) = 1.6 x 28.88 = 46.2. 

If the formula of the compound is C2H6O, the molecular weight, 
being the sum of the weights of the constituent atoms, is 

2 X 12 + 6 X 1 + 16 = 46, 

which agrees with the figure deduced from the specific gravity. 
It therefore follows that the formula C2H6O is correct. 

There are some other methods which may be used in deter- 
mining the molecular weight of a compound. Among these 
may be mentioned the analysis of salts. To illustrate this, 
take the case of acetic acid. Analysis shows us that it must be 
represented by one of the formulas CH2O, C2H4O2, C3H6O2, etc. 
If we make the silver salt, we find that its analysis leads us to 
the formula C2H302Ag, and not CHOAg, and we hence conclude 
that the molecular formula of acetic acid is €211403. 
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Recently, methods have been introduced that are especially 
applicable to such compounds as cannot be converted into 
vapor. These methods depend upon observations on the 
freezing-points and boiling-points of solutions. 

Structural formula. — The formulas CaHgOg, C2H4O2, CgHg, 
etc., tell us simply the composition of the three compounds repre- 
sented, aud tell us also the relative weights of their molecules. In 
studying the chemical conduct of these compounds, their decom- 
positions, and the modes of preparing them, we become familiar 
with many facts which it is desirable to represent by means of 
the formulas. Thus, for example, but one of the four atoms of 
hydrogen represented in the formula of acetic acid, C2H4O2, can 
be replaced by metals. It plainly differs from the three remain- 
ing atoms, and it is natural to conclude that it is held in the 
molecule in some way differently from the other three. We may, 
therefore, write the formula C2H3O2.H, which is intended to call 
attention to the difference. By further study of acetic acid, we 
find that that particular hydrogen, which gives to it its acid 
properties, and which, in the above formula, is written by itself, 
is intimately associated with oxygen. It can be removed with 
oxygen by very simple reactions, and the place of both taken 
by one atom of some other element ; as, for example, chlorine. 
Thus, when acetic acid is treated with phosphorus trichloride, 
PCI3, it is converted into acetyl chloride, C2H3OCI, according to 
this equation : — 

3 C2H4O2 + PCI3 = 3 C2H8OCI + POsHg. 

The result of the action is the direct replacement of one atom 
of hydrogen and one atom of oxygen in acetic acid by one atom 
of chlorine, a fact which certainly points to an intimate connec- 
tion between the hydrogen and ox^-gen in the acid. Further, 
when acetyl chloride is brought in contact with water, acetic 
acid is regenerated, hydrogen and oxygen from the water enter- 
ing into the place occupied by the chlorine, as represented in 
this equation : — 

C2H,0C1 + HP = CgHA + HCl. 
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From facts of this kind the conclusion is drawn that in acetic 
acid hydrogen and oxygen are connected; or, as it is said, linked 
together; and this conclusion is represented in chemical lan- 
guage bv the formula C2H3O.OH, which may serve as a simple 
illustration of what are called structural or constitutional fot- 
mulas. In all compounds the attempt is made, by means of a 
thorough study of their chemical conduct, to trace out the 
connections existing between the constituent atoms. When 
this can be done for all the atoms contained in a molecule, the 
structure or constitution of the molecule or of the compound is 
said to be determined. The structural formulas which have 
been determined by proper methods have proved of much value 
in dealing with chemical reactions, as they enable the chemist 
who understands the language in which they are written to see 
relations which might easily escape his attention without their 
aid. In order to understand them, however, the student must 
have a knowledge of the reactions upon which they are based ; 
and he is warned not to accept any chemical formula unless he 
can see the reasons for accepting it. He should accustom him- 
self to ask the question, upon what facts is it based f whenever 
a formula is presented for the first time. If he does this con- 
scientiously he will soon be able to use the language intelli- 
gently, and the beauty of the relations which exist between the 
large number of compounds of carbon will be revealed to him. 
If he does not, his mind will soon be in a hppeless muddle, 
and what he learns will be of little value to him. For the 
beginner, this piece of advice is of vital importance : Study 
with great care the reactions of compounds; study the methods oj 
making them^ and the decompositions which they undergo. The 
formulas are hut the condensed expressions of the conclusions 
which are drawn from the rea^ctions. 

General principle of classification of the compounds 
of carbon. — In considering the elements and compounds in- 
cluded under the head of Inorganic Chemistry, the fundamental 
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Bubstances are, of course, the elements. The properties of the 
elements enable us to separate them, for study, into a numbei 
of groups ; as, for example, the chlorine group, including 
bromine, iodine, and fluorine ; the oxygen group,, in which 
are included sulphur, selenium, and tellurium. To recall the 
method generally adopted, we may take the chlorine group. 
In studying the members of this group, there is found great 
similarity in their properties. Their hydrogen compounds next 
present themselves, and here the same similarity is met with. 
Then, in turn, the oxygen and the ox^^gen and hydrogen com- 
pounds are considered, and again the resemblances in properties 
between the corresponding compounds of chlorine, bromine, and 
iodine are met with. We thus have groups of elements, and 
of the derivatives of these elements : as, — 

CIO3H 
BrOgH 
IO3H, etc. 

Of course, the chlorine group is quite distinct from the oxygen 
group and from all other groups ; and eacli member of the 
chlorine group is, at least so far as we know, quite independent 
of the other members. We cannot make a bromine compound 
from a chlorine compound, or a chlorine compound from a 
bromine compound without directly replacing the one element 
by the other. 

Now, when we come to study the compounds of carbon, we 
shall find that the same general principle of classification is 
made use of ; only, in consequence of the peculiarities of the 
compounds, the system can be carried out much more perfectly ; 
the members of the same group can be transformed one into 
the other, and it is also possible to pass from one group to 
another by means of comparatively simple reactions. 

The simplest compounds of carbon are those which contain 
only hydrogen and carbon, or the hydrocarbons. K^ \5cv^ ^^SJwkv 
compounds may be legarded as derivatives ot \\ie\ivj^xc>^.^^^'w^ 
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To begin with, there are several groups or series of hydrocaiw 
bons, which correspond somewhat to the different groups of 
elements. The members of one and the same series of hydro- 
carbons resemble one another more closely than the members of 
one and the same series of elements. Although we have indica- 
tions of the existence of more than ten series of these hydrocar- 
bons, only three or four of the series are at all well known, and 
of these, but two include more than two or three members which 
will need to be considered in this book. 

Starting with any series of hydrocarbons, several classes of 
derivatives can be obtained by treating the fundamental com- 
pounds with different reagents. The chief classes of these 
derivatives are : (1) those containing halogens ; (2) those con- 
taining oxygen, among which are the acids, alpohols, ethers, etc.; 
(3) those containing sulphur; and (4) those containing nitro- 
gen. Corresponding to every hydrocarbon, then, we may expect 
to find representatives of these different classes of derivatives. 
But the relations existing between any hydrocarbon and its 
derivatives are the same as those existing between any other 
hydrocarbon and its derivatives. Hence, if we Tcnow what 
derivatives one hydrocarbon can yield, we know what deriva- 
tives we may expect to find in the case of every other hydro- 
carbon. The student who, for the first time, undertakes the 
study of carbon chemistry, is very apt to feel overwhelmed by 
the enormous number of compounds described in the book or by 
the lecturer. This large number is really not a serious matter. 
No one is expected to become acquainted with every compound. 
A great many of these need only be referred to for the purpose 
of indicating the extent to which the series to which they belong 
have been developed. In general, the members of any series 
so closely resemble one another, that, if we understand the 
simpler members, we have a fair knowledge of the more com- 
plicated members. 

It is proposed, in this treatise, to consider only the more 
important compounds and the more important reactions, the 
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object being rather to give a clear, generalnotioii of the subject, 
than detailed information regarding particular compounds. 
Should the student desire more specific information concerning 
the properties of any of the compounds mentioned, he can 
easily find it in some larger book, It will, however, hardly 
be profitable for him, at the outset, to burden his mind with 
details. He may thereby sacrifice the general view, which it 
is so important that he should gain as quickly as possible. 

The plan which will be followed is briefly this : Of the first 
series of hydrocarbons two members will be considered. Then 
the derivatives of these two will be taken up. These deriva- 
tives will serve admirablj^ as representatives of the coiTCspond- 
ing derivatives of other hydrocarbons of the same series, and of 
other series. Their characteristics, and their relations to the 
hydrocarbons will be dwelt upon, as well as their relations to 
each other. Thus, by a comparatively close study of two hydro- 
carbons and ttieir derivatives, we may acquire a knowledge of 
the principal classes of the compounds of carbon. After these 
typical derivatives have been considered, the entire series of 
hydrocarbons will be taken up briefly^ only such facts being 
dealt with at all fully as are not illustrated by the first two 
members. 

After the first series has been studied in this way, and a clear 
idea of the relations between the various classes has been 
obtained, a second series will be taken up and treated in a 
similar way, and so on. But, as already stated, only a few of 
the aefies require very much attention at the beginning. The 
fii«t series which will be used for the purpose of illustrating the 
general principles is one of the two most important series, and 
of the only two that need be considered at all fully at present. 



CHAPTER II. 

METHANE AND ETHANE. - HOMOLOGOUS 

SERIES. 

If we were to study all the hydrocarbons known, and were 
then to arrange them in groups according to their properties, 
we should find that a large number of them resemble marsh gas 
in their general conduct. Some of the points of resemblance 
are these : They are very stable, resisting with marked power 
the action of most reagents ; and nothing can be added to them 
directly, — if any change takes place in them, hydrogen is first 
given up. On arranging these substances according to the 
number of carbon atoms contained in them, we have a remark- 
able series, the first six members of which, together with their 
formulas, are included in the subjoined table : — 

Methane (or Marsh Gas) CH4. 

Ethane C2He. 

Propane CsHg. 

Butane C4H10. 

Pentane C5H12. 

Hexane C6H14. 

On examining the formulas given, we see that the difference in 
com]:x)sition between any two consecutive members is represented 
by CH2. Thus, adding CH2 to marsh gas, CH4, we get ethane, 
C2H6 ; adding CH2 to C2H6, we get CsHg, and so on, in each 
successive step. Any series of this kind, in which the succes- 
sive members increase in complexity by CHj, is called an homol- 
ogous series. 

Just as the members of an homolorrons series of hydrocarbons 
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differ from one another by CHg, or some multiple of it, so 
also the members of any class of derivatives of these hydro- 
carbons differ from one another in the same way, and form 
homologous series. Thus, running parallel to the hydrocarbons 
mentioned above, there are two homologous series of oxygen 
derivatives, as indicated below : — 

CH4 -CH4O -CHA. 
CgHg — C2HgO — C2H4O2. 
C^sHg — CsHgO — CgHeOg. 

^4^10 — C4H10O — C4H8O2. 

C5H12 — C5H12O — C5H10O2. 
CgHh — C6H14O — C6H12O3. 

The relation observed between the members of the homologous 
series mentioned is by no means a peculiarity of the marsh 
gas series of hydrocarbons and of their derivatives, but is 
observed in the case of all other series of hydrocarbons and 
their derivatives. 

Strictly speaking, there is perhaps no analogy for this re- 
markable fact among the elements and their compounds, yet 
facts which suggest analogy are known. Consider, for example, 
the chlorine series. We have 

Chlorine, with the atomic weight, 35.4 
Bromine, '' " " 80. 

Iodine, " " *' 127. 

As is well known, the difference between the atomic weights of 
chlorine and bromine is approximately equal to the difference 
between those of bromine and iodine. In other words, there is 
a r^ular increase in complexity as we pass from chlorine to 
iodine. Or, at least, there is a regular increase in the atomic 
weights of these similar elements, just as there is a regular 
increase in the molecular weights of the similar members of an 
homologous series. While, however, a satisfactory hypothesis 
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has been offered to account for the latter fact, and experi* 
mental evidence is strongly in favor of the hypothesis, no satis- 
factory explanation of the former has been offered ; or rather 
no satisfactory experimental evidence has been furnished in 
favor of the various hypotheses which from time to time have 
been put forward to account for the similarity between members 
of the same group of elements. 

The view at present held in regard to the nature of homology 
is founded, primarily, upon the idea that carbon is quadrivalent. 
If carbon is quadrivalent, it of course follows that the com- 
pound, mai*sh gas, CH4, is saturated ; that is, the molecule 
cannot take up anything without losing hydrogen. In order, 
therefore, that we may get a compound containing two atoms 
of carbon in the moleoule, some of the hydrogen must first be 
given up. With our present views, we cannot conceive of union 
taking place directly between the molecules CH4 and CH4, but 
we can conceive of union taking place between th^ molecules 
CHg and CHs, to form a molecule C2He, which in turn is satu- 
rated. Representing graphically what is believed to take 
place, we have, first, marsh gas, which we may represent thus, 

H 
I 
H — C — H. If this loses one atom of hydrogen, we have the 

K I 

unsaturated molecule H — C — , which is capable of uniting with 

H 

another molecule of the same kind to form the more complex 

H H 
I I 
molecule H — C — C — H, or C2H6, which is believed to express 

H H 
the relation existing between marsh gas, CH4, and ethane, C2He, 
or between any two adjoining members of an homologous series. 
The evidence in favor of this view will be presented when the 
reactions are considered by means of which the hydrocar- 
bons are made. The explanation offered, and now generally 
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accepted, involves the idea that carbon atoms have the power 
of uniting with each other. And, as the explanation for the 
relation between the first and second members is, in principle, 
the same as for the relation between the second and third, the 
third and fourth, etc., it appears that this power of carbon atoms 
to unite with one another is very extensive. It is to the power 
which carbon possesses of forming homologous series, or to the 
power of the atoms of carbon to unite with each other, that we 
owe the large number of compounds of this element. 

Methajie (marsh gas, fire damp), CH*. — This hydro- 
carbon is found rising from pools of stagnant water in marshy 
districts. If a bottle is filled with water and inverted with a 
funnel in its neck in such a pool, some of the gas can be col- 
lected by holding the funnel over the bubbles rising from the 
bottom. It is also found in large quantities mixed with air, in 
coal mines, and sometimes issues from the earth, together 
with other gases, in the neighborhood of petroleum wells. 

It can be prepared by treating aluminium carbide, a com- 
pound of aluminium and carbon of the formula, C3AI4, with 
water as represented in the equation : — 

C8AI4 H- 12 H2O = 3 CH4 + 4 Al (0H)3. 

This method is of special interest for the reason that it indi- 
cates the possibility of making marsh gas from the elements ; 
aluminium carbide and water being made readily from the 
elements. 

It is formed, as its occurrence in marshes indicates, by the 
decomposition of organic matter under water. In pure condi- 
tion it is made most readily by mixing 2 parts sodium acetate, 
2 parts potassium hydroxide, and 3 parts quicklime, and heat- 
ing the mixture. Writing sodium instead of potassium hydrox- 
ide, the action which takes place is represented thus : — 

NaC^HA -f NaOH = CH, -\- ISa^CO^. 
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It will be shown hereafter that most acids of carbon break up 
in a similar way, yielding a hydrocarbon and a carbonate. . 

Properties, Marsh gas is colorless and inodorous. It is 
slightly soluble in water, but not so much so as to prevent its 
collection over water. It burns. Its mixture with air is explo- 
sive. It is this mixture which is the cause of the explosions 
which so frequently take place in coal mines. 

Experiment 3. Make marsh gas from dehydrated sodium acetate, 
potassium hydroxide, and calcium oxide, using the substances in the 
proportion stated on the preceding page. Use IOk of sodium acetate. 
Collect the gas over water. Bum some as it escapes from a jet. In 
small quantities it does not readily explode with air. 

Reagents, in general, do not act readily upon marsh gas. 
Chlorine in diffused daylight gradual I3' replaces the hydrogen, 
forming a series of compounds which will be considered under 
the head of the halogen derivatives of methane. The simplest 
of them has the composition represented by the formula CH3CI, 
and is known as chlor-methane or methyl chloride. 

Ethane, C2H6. — Ethane rises from the earth from some of 
the gas wells in the regions in which petroleum occurs. It is 
also found dissolved in crude petroleum. 

It can be made from methane by introducing a halogen and 
making a compound like chlor-methane, CH3CI. As the con-e- 
sponding iodine derivative is less volatile, it is used. This iodo- 
methane, CH3I, is treated with zinc or sodium in some neutral 
medium, as, for example, anhydrous ether. The reaction which 
takes place is represented thus : — 

CHgl + CH3I + 2 Na = C2H6 + 2 Nal. 

This method of building up more complex from simpler hydro- 
carbons has been used extensively ; and it is well adapted to 
showing the relations between the substances formed and the 
simpler ones from which they are made. 
An operation of the kind involved in the above-mentioned 
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preparation of ethane is called a synthesis. The essential feature 
of the synthesis is the formation of a more complex substance from 
simpler ones. Our knowledge of the structure of the compounds 
of carbon is largely dependent upon the use of various methods 
of synthesis. For example, in the case under consideration, the 
synthesis gives us at once a clear view of the relations between 
ethane and methane, and also suggests that homology may be 
due to similar relations between the srccessive members of the 
series, — a view which is fully confirmed by the synthetical prep- 
aration of the higher members. A similar method of synthesis 
has been used in the preparation of tetrathionic acid from 
sodium thiosulphate. The action is represented thus : — 

Na^ A 1 + I, = NaS A > + 2 Nal. 
Na«SA3 NaSA 

Two mol. sodium Bodium tetrsu 



CHAPTER III. 

HALOGEN DERIVATIVES OP METHANE 

AND ETHANE. 

Substitution. — When methane and chlorine are brought 
together in diffused daylight, action takes place gradually; 
hydrochloric acid gas is given off, and one or more products 
are obtained, according to the length of time the action con- 
tinues. The products have been studied carefully, and four 
have been isolated. The composition of these products is repre- 
sented by the formulas CH3CI, CH2CI2, CHCI3, and CCI4. We 
see thus that the action of chlorine consists in replacing, step 
by step, ttie hydrogen of the hydrocarbon. The action is repre- 
sented by the four equations : — 

(1) CH4 -t-Cl2 = CH3Cl +HC1; 

(2) CHsCl -f- CI2 = CH2CI2 -f- HCl ; 

(3) CH2CI2 + CI2 = CHCI3 + HCl ; 

(4) CHCI3 + CI2 = CCI4 -f- HCl. 

This replacement of hydrogen by chlorine is an example of 
what is known as substitution. We shall find that most hydro- 
carbons are very susceptible to the influence of the halogens 
and a number of other reagents, such as nitric acid, sulphuric 
acid, etc., and that thus a large number of derivatives can be 
made, differing from the hydrocarbons in that they contain one 
or more halogen atoms or pomplex groups in the place of the 
same number of hydrogen .atoms. It must be borne in mind 
that the mere fact that chlorine, in acting upon marsh gas, 
replaces an equivalent quantity of hydrogen^ does not prove that 
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the chlorine in the product occupies the same place that the 
replaced hydrogen did. Nevertheless, a careful study of all 
the facts regarding the products thus formed has led to the 
belief that the substituting atom or residue does occupy the 
same place, or bear the same relation to the carbon atom as 
the hydrogen did. 

The name substitution-products properl}' includes all products 
made from the hydrocarbons, or from other carbon compounds, 
by the substitution process. The principal ones are those 
formed by the action of the halogens, or the halogen substitution- 
products; those formed by the action of nitric acid, or the nitro- 
substitution-pi'oducts ; and those formed by the action of sulphuric 
acid, or the stUpJionic acids. The last are, however, not com- 
monly spoken of as substitution-products. 

Chlor-methajie, methyl chloride, CH3CI. 

Brom-methane, methyl bromide, CHsBr. 

lodo-methane, methyl iodide, CH3I. 

The chlonne and bromine products can be made by treating 
methane with the corresponding element. They can be most 
easily made by treating methyl alcohol with the corresponding 
hydrogen acids : — 

CH4O + HCl = CH3CI + H2O. 

Methyl alcohol. Chlor-methane. 

Di-iodo-methane, methylene iodide, CH2I2. — This sub- 
stance is the principal halogen derivative of methane containing 
two halogen atoms. It is made from iodoform or tri-iodo- 
methane, CHIg, by treating with hydr iodic acid, the latter 
acting as a reducing agent: — 

CHI3 + HI = CH2I2 + I2. 

As will be seen, this is a case of reverse substitution; in other 
words, the action is the opposite of that described above as 
sabstitution. Methylene iodide is a liquid which boils at 180°, 
and has the specific gravity 3.342. 
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Chloroform, CHCls. ^ The best known and most exten- 
Broxnoforxn, CHBrs. > sively used of these three derivatives 
Iodoform, CHI3. 3 is chloroform or tri-chlor-me thane. It 
is made by treating alcohol or acetone with "bleaching powder." 
The action is deep-seated, involving at least three different 
stages. It will be treated of more fully under the head of 
chloral (which see). Chloroform is a heavy liquid of specific 
gravity 1.526. It has an ethereal odor, and a somewhat sweet 
taste. It is scarcely soluble in water. It boils at 62**. It is 
one of the most valuable anaesthetics, though there is some 
danger attending its use. 

Experiment 4. Mix 5508 bleaching powder and 1 \ litres water in 
a 3-litre flask. Add 33k alcohol of sp. gr. 0.834. Heat gently on a water- 
bath until action begins. A mixture of alcohol, water, and chloroform 
will distil over. Add water, and remove the chloroform by means of 
a pipette. Add calcium chloride to the chloroform, and, after standing, 
distil on a water-bath. 

Iodoform^ which is used quite extensively in surgery, is made 
by bringing together alcohol, an alkali, and iodine. It is a 
solid substance, soluble in alcohol and ether, but insoluble in 
water. It crystallizes in delicate, six-sided, yellow plates. 
Melting-point, 119**. 

Experiment 5. Dissolve 20k crystallized sodlnm carbonate In lOOs 
water. Pour 108 alcohol Into the solution, and, after heating to 60° 
to 80°, gradually add 10« Iodine. The Iodoform separates from the 
solution. 

Tetra-chlor-methane^ CCI4, is made by treating carbon disul- 
phide with chlorine, and by treating chloroform with iodine 
chloride, ICl. 

Equivalence of the hydrogen atoms in methane. Having thus 
seen that the hydrogen atoms of methane can easily be replaced, 
the interesting question suggests itself whether these hydrogen 
atoms all bear the same relation to the carbon atom. We 
accept the coDclusion that the carbon atom is quadrivalent. 
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and that each of the four hydrogen atoms is in combination 

H(l) 

with it, as indicated in the formula (4)H — C — H(2). Do the 

H(3) 
atoms numbered 1, 2, 3, and 4 bear the same relation to the 
carbon or not? If they do not, then, on replacing H (1) by 
chlorine, the product should be different from that obtained by 
replacing H (2), H (3), or H (4) ; or, it should be possible 
to make more than one variety of chlor-methane and of similar 
products. This subject is an extremely dilfficult one to deal 
with. We can only say that, although chlor-methane has been 
made in several ways, the product obtained is always the 
same one ; and the same is true of all other substitution -pro- 
ducts of methane. Hence ^ we have no reason whatever for 
believing that there are any differences between the hydrogen 
atoms of methane. We therefore conclude that they all bear the 
sams relation to the carbon atom. 

This conclusion is of fundamental importance in dealing with 
the higher members of the methane series, and, indeed, in deal- 
ing with all carbon compounds, as will be seen later. 

Chlor-ethane, ethyl chloride, C2n5Cl. ' 

Brom-ethane, ethyl bromide, OzHsBr. 

lodo-ethane, ethyl iodide, GsHsI. 

These substances are all liquids having pleasant ethereal odors. 
The first boils at 12°, the second at 38.8°, and the third at 72°. 
They are most readily made from alcohol, by treating with the 
corresponding hydrogen acids. In the case of the bromide and 
iodide, it is simpler to treat the alcohol with red phosphorus 
and the halogen. The action is similar to that involved in 
making hydrobromic acid by treating water with red phosphorus 
and bromine. It will be shown that alcohol is a hydroxide, 
in which hydroxyl (OH) is in combination with the group G.>K,,^ 
called ethyl, as represented in the formuYa C^^.O^- ^\\fcw 
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bromine is brought in contact with red phosphorus, the tribro- 
mide, PBrj, is formed, and this acts upon the alcohol thus : — 

Cyis.OH Br"j 

C^.OH Br J 
When water is used instead of alcohol, the bromine appears in 
combination with hydrogen as hydrobromic acid. 

Experlmeat 6. Arr&nge an apparatus as represented In Fig. i. 
Id the flask place lOc red pbosphorus and 60s absolute alcohol. Put 
601 bromine la the glass-stuppered fuuucl, and, by means of the stop- 




cock, let the bromine enter the flask very slowly, drop by drop. Aftei 
allowing the mixture to stand for two or three honrs, gently heat the 
water-bath, and tho brom-ethane will distil over. Place the distillate in 
a glass-stoppered cylinder, and sliafce It first with water to which some 
caustic soda has been added, and then two or three times with water 
alone. Separate the water from the brom-ethane either by means ot a 
ptpettei or a separating ftinnel. Add two or three pieces of fused 
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calcium chloride the size of a small marble, and let stand for a few 
hours. Then pour off into a clean, dry distilling bulb, and distil, noting 
the boiling-point 

Among the many halogen substitution-products of ethane 
containing more than one halogen atom, only two will be men- 
tioned. These a^e the two di-chlor-ethanes^ both of which are 
represented by the formula C2H4CI2. The existence of these 
two substances, having the same composition but entirely differ- 
ent properties, affords a good example of what is known as 
isomerism. 

Isoxnerisxn. — One of the most striking and interesting facts 
with which we become familiar in studying carbon compounds, 
is the frequent occurrence of two, and often more, substances 
containing the same elements in the same proportions by weight. 
Substances which bear this relation to one another are said to 
be isomeric. 

Isomerisfiti is of two kinds : (1) Substances may have the same 
percentage composition and the same molecular weights. Such 
bodies are said to be metameric. The di-chlor-ethanes, C2H4CI2, 
for example, are metameric. (2) Substances which have the same 
percentage composition but different molecular weights are said 
to he polymeric. Acetylene, C2H2, benzene, CflHe, and styrene, 
CsHg, are polymeric. 

secona that will fit snugly into it, bo that it can be moved up and down without difficulty. 
Draw out the larger tube, and fit to it a tube of about 6°"» diameter and 16<™ long. 
Then draw out this last tube to a small opening. Close the smaller of the two large tubes 
by melting it together. Finally, put this tube Into the largest one, and draw over the two 
a broad piece of thick rubber tubing, which will close the opening between the two, and 
at the same time permit the upward and downward movement of the smaller tube. The 
pipette baa the form represented in Fig. 5. 




Fig. 5. 

The dimensfonB may be varied, but the following will be found convenient : length of 
widest tube about 16 to 20«»; total length of inner tube, or piston, about 25 to ^«^, \\^- 
fltead of drawing the large tube ont and fitting the smalleT tube \o \X)^<&\);xi\Qr(ixQs:<3'^^ 
made bjrme^na of a cork. 
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The cause of isomerism is undoubtedly to be found in the 
different relations which the parts of isomeric compounds bear 
to each other. Our structural formulas, which show the relations 
between the parts of compounds which have been traced out by 
a study of the chemical conduct of these compounds, give us an 
insight into the causes of isomerism. To illustrate, let us take 
the two di-chlor-ethanes. One of these is made by treating 
ethane, the other by treating ethylene, C2H4, with chlorine. 
In the first case the action is substitution ; in the second, the 
chlorine is added directly to ethylene, thus, — 

(^2-^4 "T" ^'2 ^^ C/2-'^4^i2» 

The product from ethylene is called ethylene cMoride; that from 

ethane, ethylidene chlonde. It will be shown that ethylene is to 

CH2 
be represented by the formula I ; that is, that in it two hydro- 

CH2 

gen atoms are in combination with each of the carbon atoms. 
Now, if chlorine is brought in contact with this substance, we 
should naturally expect each of the carbon atoms to take up one 
atom of chlorine, and thus to become saturated, as represented 
in the equation, — 

CH2 CI CH2CI 

I + = I 

CH2 CI CH2CI. 

Chlorine is taken up, and it is believed that the ethylene 

chloride obtained has the structure represented by the formula 

CHjCl 

I , the distinctive feature of which is that each of the chlorine 

CHjCl 

atoms is in combination with a different carbon atom. 

We, however, can conceive of another possibility ; \iz.^ that 

the chlorine atoms are both in combination with the same 

CHCI2 
carbon atom, as represented in the formula | , and we 

CH3 

should be inclined to the view that this represents the structure 
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of ethylidene chloride. Fortunately we have experimental evi-. 
dence to support this view. It will be shown that aldehyde 

CHO * 

has the formula | . When aldehyde is treated with phos- 

CH3 

phorus pentachloride, two chlorine atoms take the placa of the 

oxj'gen. A product which must be represented by the formula 

CHCL 
I is formed, and this is identical with ethylidene chloride. 

CH3 

Thus it will be seen that the difference between the two iso- 
meric compounds, ethylene chloride and ethylidene chloride, 
depends upon the fact that in the former the two chlorine 
atoms are in combination with different carbon atoms, while 
in the latter both chlorine atoms are in combination with the 
same carbon atom. 

Oeneral characteristics of the halogen derivatives of methane 
and ethane. The one characteristic to which it is desirable 
that special attention should be called is the firmness with which 
the halogens are held in the compounds. Chlorine, in combina- 
tion with a metal in the form of a soluble compound, can always 
be removed by addition of silver nitrate. It cannot easily be 
so removed when present in substitution products of the hydro- 
carbons. If silver nitrate is added to a solution of chlor- 
methane, CH3CI, no precipitate is formed. On the other hand, 
when chlor-methane is heated with a silver compound, the 
chlorine is removed. Sodium and zinc have the power of 
extracting the chlorine, bromine, etc., from halogen derivatives, 
andtthis fact is taken advantage of in the synthesis of many 
hydrocarbons. (See "Ethane," p. 24.) The fact that these 
halogen compounds do not readily reveal the presence of the 
halogens in them is believed to be due to the fact that when 
the compounds are dissolved they are not dissociated into their 
ions. 



CHAPTER IV, 

OXYGEN DERIVATIVES OP METHANE 

AND ETHANE. 

There are several classes of oxygen derivatives of the hydro- 
carbons. Among them are the important compounds known as 
alcohols, ethers, aldehydes, and acids. Each of these classes 
will be taken up in turn. 

1. Alcohols. 

Among the most important oxj^gen derivatives are the alco- 
hols, of which methyl alcohol, or wood spirits, and ethyl alcohol, 
or spirits of wine, are the best known examples. As far as 
composition is concerned, these bodies bear very simple relations 
to the two hydrocarbons, methane and ethane. These rela- 
tions are indicated by the formulas, — 

Hydrocarbons. Alcohols. 

CH4 CH4O 

C2UQ C2H8O. 

The molecule of the alcohol differs from that of the correspond- 
ing hydrocarbon by one atom of oxygen. In order to under- 
stand the chemical nature of alcohols, it will be best to study 
with some care the reactions of one ; and we may take for*this 
^, purpose the simplest one of the series, viz., methyl alcohol. 

Methyl alcohol, CH^O. — This alcohol is also known as 
; * wood spirits. It is found in nature in combination in the oil 
of wintergreen. It is formed, together with many other sub- 
stances, in the dry distillation of wood. It is hence contained 
in crude pyroligneous acid or wood vinegar. Wood is distilled 
in large quantities for various purposes', cbiefty bowever, for 
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making charcoal. In some charcoal factories the distillate is 
collected and utilized. Wood is distilled also for the purpose 
of making vinegar, or pure acetic acid. 

It is not an easy matter to get pure methyl alcohol from crude 
wood spirits. Fractional distillation alone will not answer ; 
though, if the mixture is distilled for some time, and the impure 
alcohol thus obtained then converted into some crystalline deriv- 
ative, the latter can be purified and then decomposed in such 
a way as to 3'ield the alcohol in pure condition. 

Methyl alcohol is a liquid that boils at 66.7°, and has the 
specific gravity 0.8142 at 0°. It closely resembles ordinary 
alcohol in all its properties. It burns with a non-luminous 
flame. When taken into the system it intoxicates. In concen- 
trated form it is poisonous. It is an excellent solvent for fats, 
oils, resins, etc., and is extensively used for this pmpose. 

1. Action of hydrochloric <i hydrobromic^ and other acids on 
methyl alcohol. The action of a few acids is represented by 
the following equations : — 

CH4O + HBr = CHgBr -f HgO ; 
CH4O + HCl = CHgCl + H2O ; 
CH4O + HNOs = CH3NO8 + H2O ; 

2 CH,0 + H2SO4 = (CH8)2S04 + 2 H2O. 

The action is plainly suggestive of that of metallic hydroxides 
or bases. In each case the acid is neutralized and water is 
formed, just as the acid would be neutralized by potassium 
hydroxide. 

2. Action of phosphorus trichloride. When phosphorus tri- 
chloride acts on methyl alcohol, the products are chlor-methane 
and phosphorous acid : — 

3 CH4O + PCI3 = 3 CH3CI + P(0H)3. 

Here an atom of oxygen and an atom of hydrogen are together 
replaced by one atom of chlorine, the reaction being like thsA 
which takes place between water and pbospYiOTua tT\!^OYV^<^ \ — 

<5fliO + PC4 = 3 HCl 4- P(.OHV 

/ 
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This fact would lead us to suspect that there is some resem*^ 
blance between the alcohol and water. 

3. Action of potassium and sodium. When potassium is 
brought in contact with pure methyl alcohol, hydrogen is given 
off, and a compound containing potassium is formed : — 

CH4O + K = CH3KO + H. 

Further treatment of this compound with potassium causes no 
further evolution of hydrogen, so that plainly one of the four 
hydrogen atoms contained in methyl alcohol differs from the 
other three. 

The resemblance between methyl alcohol and metallic hy- 
droxides ; the replacement of hydrogen and oxygen by chlorine ; 
and the resemblance between the alcohol and water ; and, 
finally, the replacement of one, and onl}' one, hydrogen atom 
by potassium, lead to the conclusion that the alcohol contains 
hydrogen and oxygen in combination, and that the characteristic 
reactions are due to the presence of the group called hydroaeyl 
(OH) . The analogy between the alcohol, a metallic hydroxide, 
and water, is shown by these formulas: alcohol, CH3.OH; 
hydroxide, K.OH ; water H.OH. Thus water appears ae^ the 
type of both the hydroxide and the alcohol, and they may be 
regarded as derived from water by replacing one hydrogen atom 
by the group CHg, in the case of the alcohol, and by the metal 
potassium in the case of the hydroxide. Or, on the other hand, 
methyl alcohol may be regarded as marsh gas in which one of 
the hydrogen atoms is replaced by hydroxyl. This is the view 
which is universally held. 

To test the correctness of the view, we may try to make 
methyl alcohol in some way that will show us of what parts it is 
made up. Thus, we may start with marsh gas, and introduce 
a halogen, as bromine. Now, if we bring brom-me thane to- 
gether with a metallic h3'droxide, the bromine and the metal 
may unite, leaving the h3'droxyl and the group CH3, which nyj,]^ 
unite also, as indicated in the equation /;, 

CHJBr + MOH = CH3.OH + MRx. 

1 , 
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If methyl alcohol could be made in this way, we should have very 
clear proof of the correctness of the view expressed in the fonnula 
CH3.OH. Methyl alcohol has been made by this reaction ; and 
it is indeed a general reaction for the preparation of alcohols, so 
that the proof that alcohols are hydroxides is conclusive. 

The reactions above considered show that the part of methyl 
alcohol which corresponds to the metal in the hydroxide is the 
group CHg. This it is which enters into the acids in place of 
their hydrogen, and this remains unchanged when potassium 
acts upou the alcohol. It has received the name methyl. Hence 
we have the names methyl alcohol, methyl bromide, methyl 
ether, etc. A group which, like methyl, appears in a number 
of compounds is called a radical^ or residue. These names are 
intended simply to designate that part of a carbon compound 
which remains unchanged when the compound is subjected to 
varioQS transforming influences. 

The two most characteristic reactions of methyl alcohol are : 
(1) its power to form salt-like, neutral bodies when treated 
with adds ; and (2) its power to form an acid when oxidized. 

The neutral bodies formed with acids correspond to the salts 
of metals, only they contain the radical, or residue, methyl, 
CHs, in the place of metals. They are called compound ethers 
or ^heredl aaUs. 

The acid formed by oxidation has the composition expressed 
by the formula CH2O2. It differs from the alcohol by contain- 
ing one atom of oxygen more and two atoms of hydrogen less. 
It will be shown that this acid is the first of an important series 
of acids, known as the fatty acids ^ each of which bears the same 
relation to a hydrocarbon containing the same number of carbou 
atoms that this simplest acid bears to marsh gas. 

Ethyl alcohol, O2H5 .OH. — This is the best known sub- 
stance belonging to the class of alcohols. It is known also by 
the names spirits of wine and ordinary alcohoL It oe,e,\rt^ Ya. 
small quBntitiea widely distributed in nature. 
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The one method of preparation upon which we are dependent 
for alcohol is the fermentation of sugar. 

Fermentation. — Whenever a plant juice which contains 
sugar is left exposed to the air, it gradually undergoes a change 
by which it loses its sweet taste. Usually the change consists 
in a breaking up of the sugar into carbon dioxide and alcohol. 
The equation 

CeHi206 = 2 C2HeO + 2 C02^ 

Sugar. Alcohol. 

approximately expresses what takes place in the process which 
is known as alcoholic fermentation. It has been shown that 
fermentation is caused by the presence of small organized 
bodies, either animal or vegetable. These bodies, which are 
known as ferments^ are of different kinds, and cause different 
kinds of fermentation with different products. Among the kinds 
of fermentation the following may be specially mentioned : — 

1. Alcoholic or vinous fermentation. This is caused by a, 
vegetable ferment which is contained in ordinary yeast. The 
ferment consists of small, round cells arranged in chains. The 
products of its action are alcohol and carbon dioxide. 

2. Lactic OjCid fermentation. This is due to a y^etable 
ferment which is contained in sour milk. It has the power of 
transforming sugar into lactic acid. 

3. Acetic acid fermentation. This is due to a peculiar vege- 
table ferment which acts upon alcohol, transforming it into 
acetic acid. 

The germs of the various ferments are in the air ; and, when- 
ever they find favorable conditions, they develop and produce 
their characteristic effects. They will not develop in a solntion 
of pure sugar. The variety of sugar which is fermentable, and 
which is the one from which alcohol is obtained, is not our 
ordinary cane sugar, but one known as grape sugar; or, more 
commonly, glucose. In order that the ieTm^nta laa.^ ^o^^ tjbare 
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must be present in the solution, besides the sugar, substances 
which contain nitrogen. These, as well as the sugar, are con- 
tained in the juices pressed out from fruits, and hence these 
juices readily undergo fermentation. 

In the manufacture of alcohol a solution containing either 
:tarch or sugar is first prepared from the residue of wine presses, 
:)r from some kind of grain or potatoes. In case the solution 
contains grape sugar, this undergoes fermentation directly 
when the ferment is added. If the substance in somtion 
is cane sugar, this is first changed by the ferment into grape 
sugar, and the fermentation then takes place as in the first 
case. 

Eixperiment 7« Dissolve about 150s commercial grape sugar hi 1 to 
IJ litres of water in a good-sized flask. Connect the flask by means of 
a bent tube with a cylinder containing clear lime water. Protect the 
latter from the air by means of a tube containing caustic potash. Now 
add to the solutjpn of grape sugar a iittle brewer's yeast; close the 
connections, and allow to stand. Soon an evolution of gas will begin, 
and, as this passes through the lime water, a precipitate of calcium 
carbonate will be formed. After the action is over, place the flask in 
a water-bath; connect with a condenser, and distil over 100<^<' of the 
liquid. Examine this for alcohol. 

A good way to detect alcohol is this: Warm the solution to be 
tested ; add a small piece of iodine and then caustic potash until the 
color is destroyed. On cooling, a yellow crystalline powder of lodo' 
form is deposited. 

To obtain alcohol from fermented liquids, they must be dis- 
tilled. The ordinary alcohol contains water, and a mixture of 
other alcohols called fusel oil. The latter can be removed partly 
by distillation, and the last portions can be got rid of by filter- 
ing through charcoal The water cannot be removed completely 
by distillation, though a product containing about 96 per cent 
of alcohol can be obtained in this way. 

Absolute alcohol is ordinary alcohol from which the water has 
been removed to a considerable extent by means of soraa ^'^Jo.^- 
drating Bgeot, as qaicklimef barium oxide, or anYi^^towst e.o\p^^\ 



/ 
/ 
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sulphate. By continued ti*eatment with lime the quantity of 
water can be reduced to one-half a per cent, and this small 
quantity can be removed by treatment with metallic sodium. 

Experiment 8. Prepare absolute alcohol from ordinary strong 
alcohol. For this purpose a good-sized flask is one-half to two-thirds 
lilled with quicklime broken into small lumps. The alcohol is poured 
upon the lime, and allowed to stand at least twenty-four hours, when 
it is distilled off on a water-bath. If the alcohol used contains con- 
siderable water, it is necessary to repeat the treatment with lime. 

Pure ethyl alcohol has a peculiar, pleasant odor. It is 
claimed, however, that perfectly anhydrous alcohol has no • 
odor. It remains liquid at very low temperatures, but has 
recently been converted into a solid at a temperature of —130.5**. 
It boils at 78.3°. It burns with a non-luminous flame, which 
does not leave a deposit of soot on substances placed in it. It 
can hence be used for heating pprposes in chemical labora- 
tories. When mixed with air its vapor explodes when a flame is 
applied. Its effects upon the human system are well known. 
It intoxicates when taken in dilute form, while in large doses it 
is poisonous. It lowers the temperature of the body from 0.5° 
to 2° when taken internally,, although the sensation of warmth 
is experienced. 

Alcohol is the principal solvent for substances of organic 
origin. It is hence extensivel}' used in the arts, as in the manu- 
facture of varnishes, perfumes, and tinctures of drugs. 

The many beverages which are in use depend for their effi- 
ciency upon the presence of alcohol in greater or smaller quantity. 
The milder forms of beer contain from 2 to 3 per cent ; light 
wines, such as claret, about 8 per cent ; while whiskey, brandy, 
rum, and other distilled liquors sometimes contain as mnch as 60 
to 75 per cent. These distilled liquors are nothing but ordinary 
alcohol with water and small quantities of substances obtained 
from the fruit or grain used in their preparation, or obtained by 
standing in barrels made of oak wood. The different flavors 
are due to the small quantities of these substances. 



FERMENTATION. 41 

OhemiccU conduct of ethyl alcohol. All that was said in regard 
to the chemical conduct of methyl alcohol applies to ethyl 
alcohol. The action of acids, of phosphorus trichloride, of 
the alkali metals, and of oxidizing agents is the same as in the 
case tDf methyl alcohol, only the products formed contain the 
radical, ethyl, C2H5, instead of methyl. 

Note for Student. — The student is advised to write the equa- 
tioDs representing the action of hydrochloric, hydrobromic, and nitric 
acids ; of phosphorus trichloiide ; and of potassium, upon ethyl alcohol. 
What is the composition of the acid formed by oxidation of ordinary 
alcohol? 

2. ETHlfRS. 

As has been shown, when an alcohol is treated with potas- 
sium or sodium, compounds are formed having the for- 
mulas 

CHsONa, CHsOfc, C2H5OK, CgHsONa. 

If one of these is treated with a mono-halogen derivative of 
a hydrocarbon, as, for example, iodo-methane, CH3I, reaction 
takes place thus : — 

CHsONa + CH3I = CaHeO -h Nal. 

The reaction leaves very little room for doubt in regard to 
the structure of the compound CaHgO. It must be represented 

by the formula CH3 - O - CH3, or ^??^>0, or (CH3)20. 

CH3 

Comparing it with methyl alcohol, we see that it is obtained 

from the alcohol by replacing the hydrogen of the hydroxyl by 

methyl, CHg. Just as the alcohol is analogous to the hydroxide 

KOH, 30 the new compound is analogous to the oxide K2O. 

It is the representative of a class of bodies known as ethers^ 

which are analogous to the oxides of the metals. Our ordinary 

ether is the chief representative of the class. 

While the reaction above mentioned serves admirably to show 

the relations between the alcohols and ethers, it is not the one 
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that is made use of in their preparation. This consists in treat- 
ing the alcohols with sulphuric acid, and distilling. 

Ethyl ether, C.HioO = (C2H5)20. — This is the substance 
commonly known simply as ether^ or sulphuric ether. The latter 
name was original!}' given to it because sulphuric acid is used 
in its manufacture, and plainly- not because any sulphur is con- 
tained in it. 

Theoretically, the simplest way to make ether from alcohol 
is to make the sodium compound of alcohol, C2ll50Na, and to 
heat this with brom- or iodo-e thane thus : — 

CJIsONa + C2H5I = (C2H5)20 + Nal. 

Practically, however, ether can be made much more readil}', 
and it is made on the large scale by mixing sulphuric acid and 
alcohol in certain proportions, an(\ tlien distilling the mixture 
as described below. Two distinct reactions are involved in this 
process. First, when alcohol and sulphuric acid are brought 
together, half tlie hydrogen of the acid is replaced by ethyl 
thus : — 

C2H5OH + " > SO4 = ^^2' > SO4 + H2O. 

The product formed is called ethyl-sulphuric acid. 

Experiment 9. Slowly pour 20 to SO^c concentrated sulphuric acid 
into about tlie same volume of alcohol of 80 to 90 per cent. Stir 
thoroughly, and dilute with a litre of water. In an evaporating dish 
add powdered ])arium carbonate until the liquid is neutral. Filter, 
and examine the clear liltrate for barium. Its presence shows that a 
soluble barium salt has been formed. This is barium ethyl-sulphate, 
BaCC.H^SO,),. 

When ethyl-sulphuric acid is heated with alcohol, ether is 
formed, and sulphuric acid is regenerated thus : — 

C2II5OII + ^'^"^ > SO, = ^ >0 -h H2SO4. 

\ 

% 

. V 



ETHYI- ETHER. 
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The ether thus formed distils over ; and, if alcohol is admitted 
to the sulphuric acid, ethyl-sulphuric acid will again be foimed, 
and with excess of alcohol it will yield ether. The actual 
method of procedure is described in 

Esperimeat 10. Arrange an apparatus as shown In Fig. G. In 
the flask put a mixture of 200e alcohol, and 3RCW ordinary concen- 
irateii sulphuric acid. It is better to mix them in another vessel, 
and allow the mbtturc to stand for some time until It Is tboroughlj 




cooled down; and then to pour off from an; deposited solid as com- 
pletely as possible. Now heat antil the thermometer indicates the 
temperature 140°. At this point the mixture tmils, and ether bcglue to 
pass over. As soon as this Is noticed, open the stop-cock of the vessel 
A, and let a slow stream of alcohol pass into the distilling flask through 
the tube B. which must reach beneath the surface of the mixture. 
Regulate this stream so that ttie temperature remains as near 140" as 
possible. In this wa; the operation can be kept up for a considerable 
time, the alcohol admitted to tlie ftask passing out as ether, and being 
collected together with some alcohol in the receiver. After about a 
half litre to a litre of distillate has been collected, stop the operation. 
The mixture in tlie distilling flask CftQ be Vcpt in a. aXop^ciftft. ^uW.t 
and ased again when iieedod. Pour the dlstiUat« mto a s\asii-iA«^'&*^^ 



44 DEBIVATIVES OF METHANE AND ETHANE. 

cylinder, and add water. The ether will rise to the top, forming a 
distinct layer, and can be removed by means of a pipette or separating 
ftinnel. It should be shaken in this way a few times with water; then 
treated with a little calcium chloride ; and, after standing, poured off 
into a dry flask, and distilled on a water-bath. 

N.B. Never boil ether over a free flame ; and, in working with U, 
always carefully avoid the neighborhood of flames. In boiling it on a 
water-bath, do not heat the water to boiling. 

Ether is a colorless, mobile liquid of a peculiar odor and 
taste. It boils at 34.9®. (Hence the necessity for the pre- 
cautions mentioned above.) Its specific gravity is 0.736 at 0°. 
(What evidence have you bad that it is lighter than water?) 

If. is very inflanmiable. 
« 

Experiment 11. Put a few cubic centimetres of ether in a small 

evaporating dish, and apply a flame. 

When its vapor is mixed with air, the mixture is extremely 
explosive. Ether is somewhat soluble in water, and water is 
also somewhat, though less, soluble in ether ; so that when the 
two are shaken together the volume of the ether becomes 
smaller, even though every precaution is taken to avoid evapor- 
ation. Ether mixes with alcohol in all proportions. It is a 
good solvent for resins, fats, alkaloids, and many other classes 
of carbon compounds. 

It is an excellent anaesthetic, and is used extensively in this 
capacity. In consequence of its rapid evaporation, it is used 
to produce cold, as in the manufacture of ice. So, also, when 
brought against the skin in the form of spray, the cold produced 
is so great as to cause insensibility. 

Experiment 12. In a thin glass test-tube put 5<* water. Introduce 
the tube into a small beaker containing some ether. Force air through 
the ether by means of a bellows. The water will be frozen. 

Chemical conduct of ether. If we were dependent upon the 

decompositions and general reactions of ether for our knowledge 

i>f Its structure^ we should be left iu grave doubt a.s to the rela- 
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tions existing between it and alcohol. Its decompositions are 
mostly deep-seated, and not easily explained. Fortunately, as 
we have seen, its synthesis from sodium ethylate, C2H50Na, and 
iodo-ethane, C2H5I, leaves us in no doubt regarding its structure. 
The simplest decompositions are these : — 

Heated with water and a small quantity of sulphuric acid to 
J. 50°, it is converted into alcohol : — 

^^'>0 + ^>0 = 2 C2H5OH. 

Treated with hydriodic acid at a low temperature, alcohol 
and iodo-ethane are formed : — 

C^. > O + ^ = CjHjOH + CjHjI. 

Mixed ethers. — Just as ordinary or ethyl alcohol yields 
ethyl ether, so methyl alcohol yields methyl ether, (CH3)20. 
By modifying the method, a mixed ether, methyl-ethyl ether, 

> O, can be obtained. This is formed by treating sodium 



C2H5 



CH3 

methylate with iodo-iethane, or by treating sodium ethylate with 

iodo-methane : — 

CHgONa -f- C2HJ = ^^*>0 + Nal; 

CH3 

CgH^ONa + CH3I = ^'^' > O + Nal. 

CH3 

It is formed also by distilling methyl alcohol with ethyl-sul- 
phuric acid, or ethyl alcohol with methyl-sulphuric acid : — 

^2* > O + ^*^» > so, = ^JE' >0 + USO, ; 

C2H5 ^ Q _j. CHs ^^ ^ C2H5 > o _|. H2SO4. 
H H ' CH3 ^ * 

Methyl ether and methyl-ethyl ether are very similar to ordinary 
ether. 
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3. Aldehydes. 

It has been stated above that when methyl and ethyl alcohols 
are oxidized, they are converted into acids having the foimulas 
CH2O2 and C2H4O2, respectively-. By proper precautions, prod- 
ucts can be obtained intermediate between the alcohols and 
acids, and differing from them in composition in that they 
contain two atoms of hydrogen less than the corresponding 
alcohols. These products are called aldehydes^ from alcohol 
dehydrogenatum, from the fact that they must be regarded as 
alcohols from which hydrogen has been abstracted. The rela- 
tions in composition between the hydrocarbons, alcohols, and 
aldehydes are shown by these formulas : — 



Hydrocarbons 


Alcohols. 


Aldehydes. 


CH4 


CH,0 


CH2O 


C2He 


CjHgO 


C2H4O 


etc. 


etc. 


etc. 



Pormic aldehyde, Pormal, CH2O. — This aldehyde is made 
by passing the vapor of methyl alcohol together with air over" 
a heated platinum or copper spiral. When cooled to a loWf^ 
temperature it forms a liquid that boils at 21°. It is manu- 
factured on the large scale, and comes into the market in 
solution under the name of formalin. It is used in the manu- 
facture of some dyes and as a preservative and disinfectant. 
When its solution in water is evaporated, a solid substance 
having the same composition as formic aldehyde is obtained. 
This is no doubt a polymeric variety, and it may be represented 
by the formula (CHaO)/!. It is called paraformaldehyde. 

In order to gain a clear insight into the nature of the alde- 
hydes, it will be best to study the best-known representative of 
the class, which is acetic aldehyde. 

Acetic aldehyde, C2H4O. — This aldehyde is formed 
whenever alcoliol is brought in contact with an oxidizing 
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mixture; as, for example, potassium diehroraate and dilute 
sulphuric acid, 

Esperlmeat 13. Dissolve a little potassium dlchromate in trater, 
aod add sulptioric acid. Now add a few cubic centimetres of alco' 
liol, and notice the odor which is that of aldeliyde. Notice, also, 
the change of color of the BOlution, showing the reduction of the 
chroraatfi. 

Ab aldehyde is a very volatile liquid, it is ,diflficult to collect it. 
In preparing it, it is therefore better to pass it into some liquid 
which will absorb it, and then afterwards separate it by some 
appropriate method. A good method is that described below. 

Experiment 14. Arrange an apparatus as shown in Fig, T. Put 
120« granulated potassium dlchromate in the ilasli A, which must have 
a capacity of 1 j to 2 litres. Make a mixture of 1608 concentrated But 




phurlc acid, tSW water, and 120* alcohol. Cool the mixture down to 
the ordinary temperature, and then pour it slovrly through tbe Ivi.w«.V- 
tube B Into the Oask, which should stand on & 'w&Xa'cAibX^v i^o'oXAV'i&^v^ 
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♦ , 



warm water. The cylinders C and D are about half filled with ordinary 
ether, each one containing about 200<» ether, and placed in the large 
vessel -F, which contains ice water. The condenser should be supplied 
with water of about 30° C. 

Usually, when the alcohol, water, and sulphuric acid are poured upon 
the dichromate, the action begins without application of heat. At times 
it takes place rapidly, so that the liquid should always be added slowly. 
The aldehyde which is thus formed, together with some alcohol and 
water vapor, passes into the condenser-tube, where the greater part of 
the alcohol and water is condensed and returned to the flask, while 
the aldehyde, being much more volatile, passes into the ether and is 
there absorbed. After the action is over, the distilling vessel and con- 
denser are removed, and, at Ey connection is made with an apparatus 
fui*nishing dry ammonia gas. The gas is passed into the cold ethereal 
solution of aldehyde to the point of saturation. A beautifully crystal- 
lized compound of aldehyde and ammonia, known as aldehyde-ammonia, 
is deposited. The ether is poured off, and the crystals placed on filter- 
paper. They gradually undergo change in the air, becoming yellow, 
and acquiring a peculiar odor. If the crystals are placed in a flask and 
treated with dilute sulphuric acid, pure aldehyde passes over, and can 
be condensed by ice-cold water. 

In the process of purification of ordinary alcohol it is filtered 
through charcoal. It is thus partly oxidized to aldehyde ; and, 
when it is afterwards distilled, the first portions that pass 
over contain aldehyde, which was formerly obtained on the 
large scale by repeated distillation of these " first runnings." 

Aldehyde is a colorless liquid, boiling at 21°. It mixes with 
water and alcohol in aU proportions. Its odor is marked and 
characteristic. 

From the chemical point of view, the most characteristic prop- 
erty of aldehyde is its power to unite directly with other Bub- 
stances. It unites with ox3'gen to form acetic acid; with 
hydrogen to form alcohol ; with ammonia to form aldehyde'^ 
ammonia^ C2H4O.NH3; with hydrocyanic acid to form oZc^- 
Jiyde hydrocyanide^ C2H4O.HCN ; with the acid sulphites of 
the alkalies forming compounds represented by the formulas 
C2H4O.HKSO3 and C2H40.HNaS03 ; and with other substances. 
Indeed, if left to Itself, it readily changes into polymeric . modi' 



<^ 
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fications, uniting with itself to form more complex compounds, 
paraldehyde and metaldehyde. 

Paraldehyde, CeHijOa. — This is formed by adding a few 
drops of concentrated sulphuric acid to aldehyde, which causes 
the liquid to become hot. On cooling to 0°, the paraldehyde 
solidifies in crystalline form. It melts at 10.5°. It dissolves 
in eight times its own volume of water, and boils at 124**. When 
distilled with dilute sulphuric acid, hydrochloric acid, etc., it is 
converted into aldehyde. The specific gravity of its vapor has 
been found to be 4.583. This leads to the molecular weight 
132.4, and consequently to the formula CgHiaOs. It is called a 
polymeric modification of aldehyde. The cause of the peculiar 
action, and the structure of the product are not known. 

Metaldehyde, O6H12O8. — Metaldehyde is formed in much 
the same way as paraldehyde, only a low temperature (below 
0°) is most favorable to its formation. It crystallizes in needles, 
which are insoluble in water, and but slightly soluble in alcohol, 
chloroform, and ether in the cold, though more readily at a 
slightly elevated temperature. When heated to 120° in a sealed 
tube, it is converted into aldehyde. Determinations by the 
freezing-point method show that the molecular weight of 
freshly prepared metaldehyde is the same as that of paralde- 
hyde. On standing it is converted into paraldehyde and, 
probably, a substance of the formula (€21140)4. Distilled with 
dilute sulphuric acid, etc., metaldehyde is easily converted into 
aldehyde. 

In consequence of the tendency of aldehyde to unite with 
oxygen, it is a strong reducing agent. When added to an 
ammoniacal solution of silver nitrate, metallic silver is deposited 
on the walls of the vessel in the form of a brilliant mirror. 

experiment 15. To a weak aqueous solution of aldehyde, or of 
aldehyde-ammonia, in a test-tube, add a few drops of ammoulou flccA ^1 
a solution of silver nitrate. Warm gently ; and, ^\ieii \Xi^ (^fc^o^X. ovi 
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the walls of the tube begins to appear, stop heating. A brilliant mirroJ 
of metallic silver will appear. This method is used in the manufao 
ture of mirrors. What becomes of the aldehyde? 

Chemical transformations of aldehyde. As aldehyde is pro- 
duced from alcohol by oxidation, so alcohol can be formed 
from aldehyde by reduction : — 

CaHeO + O = CgH^O + HgO ; 

C2H4O + H2 = C2HgO. 

By oxidation aldehyde is converted into an acid of the formula 
C2H4O2, which is acetic acid ; and, by reduction, acetic acid is 
converted into aldehj'de : — 

C2H4O + O = C2H A ; 
C2HA + H2 = C2H4O + H2O. 

Treated with phosphorus pentachloride, aldehyde yields ethyl- 
idene chloride, C2H4CI2 (which see) . This reaction is of special 
interest and importance, as it helps us to understand the relation 
between aldehyde and alcohol. Alcohol, as has been shown, 
is the hydroxide of ethyl, C2H5.OH. When oxidized it loses 
two atoms of hydrogen. Is the hydrogen of the hydroxyl 
one of the two which are given off? If so, what readjustment 
of the oxygen takes place? Such are the questions which we 
have a right to ask. 

To understand the action of phosphorus pentachloride on 
aldehyde, it will be necessary to consider briefly the action of 
this reagent in general upon compounds containing oxygen. 
AVhen it is brought in contact with water, the first change is 
represented by the equation 

H,0 + PCI5 = POCI3 + 2 HCl. 

Next, the oxichloride, POClg. is acted upon thus : — 

3 H2O + POCI3 = P0(0H)3 + 3 HCl. 

Or, expressing both changes in one equation, we have : — 

4 H2O + PCI5 = PO(,OTa.V -V 'o ^^V 
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The phosphorus pentachloride gives up its chlorine and takes 
ap oxj'gen, or cxygen and hydrogen, in its place. This is the 
general tendency of the chlorides of phosphorus. 

Now, when a chloride of phosphorus is brought together with 
an alcohol, the oiiygen is replaced b}^ chlorine, two atoms of 
the latter for one of the former, thus : — 

CsHfi.OH + PCI5 = C2H5CI.CIH + POClg. 

But as hydroxj'l, — O — H, is univalent, its place cannot be 
taken by two atoms of chlorine and one of hydrogen, and the 
two chlorine atoms have not the power of linking the hydrogen 
to the ethyl. Hydi'ochloric acid is given off, and a compound is 
formed, which may be regarded as alcohol in which one chlorine 
atom takes the place of the hydroxyl. This is the kind of 
action that takes place whenever a chloride of phosphorus acts 
upon a compound containing hydroxyl ; and we hence make use 
of the reaction for determining whether hydroxyl is or is not 
present in a compound. 

When aldehyde is treated with phosphorus pentachloride, the 
action is entbely different from that just described. Instead of 
a hydrogen and an oxygen atom being replaced by one chlo- 
rine, the oxygen atom alone is replaced by two chlorine atoms : — 

CsH.O + PCI5 = C2H4CI2 + POCI3. 

If the explanation above offered of the action of phosphorus 
pentachloride on alcohol is correct, it follows that aldehyde is 
not a hydroxyl compound. We can readily understand why the 
oxygen atom should be replaced by two chlorine atoms, if it 
is in combination only with carbon as in carbon monoxide, CO. 
There is an essential difference between this kind of combina- 
tion and that which we have in hydroxyl as C -- O — H. In 
the latter condition the oxygen serves to connect carbon with 
hydrogen; in the former it is in combination only with the 
carbon, and, presumably, the force which holds it can also kcM 
two atoms of cbloriue or of any other \iiiiva\ftTi\. ^'ema\i\» ^SJ^ 



\ 
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which it can unite. So that, if oxygen is in, a componnd in 
the carbon monoxide condition, we should expect it to be re- 
placed by two atoms of chlorine when the compound is treated 
with phosphorus pentachloride. ■ Let R.CO represent any such 
compound ; then we should have : — 

RCO -f PCI5 = R.CCI2 + POCI3; 

while, when oxygen is present in the hydroxyl condition, we 
have : — 

R.C - O - H + PCI5 = R.CCl + POClg + HCl. 

Just as the latter reaction is used to detect the presence of 
hydroxyl oxygen, so the foiiner is used to detect oxygen in the 
other condition, which is commonly known as the carhonyl con- 
dition. 

In terms of the valence hypothesis, it is said that in the 
hydroxyl compounds oxygen is in combination with carbon with 
one of its affinities, and with hydrogen with the other, while in 
the carbonyl compounds it is in combination with carbon with 
both its affinities as represented thus, C= O. 

According to the above reasoning aldehyde is a carbonyl 
compound, or it contains the group CO. The simplest alde- 
hyde must therefore be represented by the formula H2C = 0. 

O 
11 
Its homologue, acetic aldehyde, is CH3.C — H. The peculiar prop- 
erties of aldehyde are believed to be due to the presence of this 
O 
li 
^oup, C — H, which is called the aldehyde group. We do not 

faiow that the double line in the formula conveys a correct idea 
in regard to the relation between the carbon and oxygen. All 
that we know is that these two elements do occur in two differ- 
ent relations to each other, and the formulas C — O — H and 
C = O recall these relations. They are expressions of facta 
established by experiment. Our notions in regard to these 
relations are largely dependent upon tVi^ xe^cc^^voii^ mth. the 
chlorides of phosphorus referred to abo\e. 
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Chloral, trichloraldehyde, CCls.CHO. — When chlorine 
acts directly upon aldehyde, complicated reactions take place 
which need not be considered here. If, however, water and 
calcium carbonate are present, substitution takes place, and 
tHchloraldehyde is formed. When alcohol is treated with 
chlorine, a double action takes place : 1st. The alcohol is 
changed to aldehyde thus : — 

CHg.CHaOH + CI2 = CHg.COH + 2 HCl. 

Then the chlorine acts upon the aldehyde, replacing the three 
hydrogens of the methyl, forming trichloraldehyde : — 

CHg.COH + 6 CI = CCI3.COH + 3 HCl. 

In reality the aldehyde first formed acts upon the alcohol, 
forming an intermediate product which is acted upon by the 
chlorine. The chlorine product thus formed breaks up, forming 
chloral. The essential features of the reaction, however, are 
stated in the above equations. Trichloraldehyde is the sub- 
stance commonly known as chlora l. It is simply the tri-chlo- 
rine substitution product of aldehyde. It has all the general 

properties of aldehj'de, and the conclusion is therefore justified 

O 

II 
that it contains the aldehyde group —CH. 

Chloral is a colorless liquid, which boils at 94°, and has the 

specific gravity 1.5. 

Note for Student. — Give the formulas of compounds formed 
when chloral is brought together with ammonia, hydrocyanic acid, and 
the acid sulphites of the alkalies. What is the formula of the acid 
formed by its oxidation? The answer, is given in the statement that 
the general chemical conduct of chloral is the same as that of aldehyde. 

When chloral and wat^r are brought together, they unite to 
form a crystallized compound, chloral hydrate, C2HCI3O + H2O, 
which is easily soluble in water, and crystallizes from the solu- 
tion in beautiful, colorleaa, monoclimc prisma. 1\. mi^^ ^\»V^ 
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Taken intemall}' in doses of from 1.5 to 5*, it produces sleep 
In larger doses it acts as an anaesthetic. 

When treated with an alkali, chloral and chloral hydrate 
break up, yielding chloroform and formic acid : — 

CCI3.COH + KOH = CHCls + KCHO2. •" 

Chloral. Chloroform. PotaBsinm 

formate. 

This reaction, taken together with those which give chloral 
from alcohol, enables us to understand the reaction which is 
used in making chloroform and iodoform. 

Note for Student. — How is chloroform made? How Is the method 
explained? Answer the same questions for iodoform. The bleaching 
powder used in preparing chloroform furnishes chlorine. Is an alkali 
present? 

4. Acids. 

When methyl and ethyl alcohols are oxidized, they are con- 
verted first into aldehydes, and then the aldehydes take up 
oxygen and are converted into acids. The relations in compo- -_ j 
sition between the hydrocarbons, alcohols, aldehydes, and acids 
are shown in the subjoined table : — 



Hydrocarbons. 


AlcoholB. 


Aldehydes. 


AcidB. 


CH4 


CH^O 


CH2O 


CHA 


C2Hg 


CsHeO 


C2H4O 


G2H.4O2 


etc^ 


etc. 


etc. 


etc. 



The two acids whose formulas are here given are the well- 
known substances, formic and acetic acids, 

Ponnic acid, CH2O2. — This acid occurs in nature in red 
ants, in stinging nettles, in the shoots of some of the varieties 
of pine, and elsewhere. 

It can be prepared by distilling red ants, but is best prepared 
by heating oxalic acid with glycerin. Oxalic acid has the 
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composition represented by the foimula C2H2O4. When heated 
in glycerin, the effect is to break it up into carbon dioxide and 
formic acid : — 

C2H2O4 = CO2 + CH2O2. 

The formic acid distils over, and can be condensed. 

.Experiment 16. Into a flask of 500 to 600«c capacity put 200 to 
300"5 auhydrous glycerin, and then add 30 to 408 crystallized oxalic 
acid. Connect the flask with a condenser, and insert a thermometer 
through the cork so that the bulb is below the surface of the glycerin. 
Heat gently. At 76° to 90°, carbon dioxide is evolved. Raise the tem- 
perature gradually to 112°-115°. When formic acid no longer distils 
over, add another portion of oxalic acid, and heat again. This opera- 
tion may be repeated a number of times without renewing the glycerin ; 
but, when about lOO^ of oxalic acid has been decomposed, enough 
formic acid for the purpose will have been formed, and collected in 
the receiver. Dilute the distillate to about half a litre, and, while 
gently warming it in an evaporating dish, add freshly precipitated and 
washed copper oxide in small quantities until no more is dissolved. 
Then filter, and evaporate the solution to crystallization. The beauti- 
fully crystallized salt thus obtained is copper formate. 

The formation of formic acid by oxidation of methyl alcohol, 
and by treatment of chloral with an alkali, has already been 
mentioned. The following methods are of special interest : — 

(1) By the action of carbon monoxide upon potassium hy- 
droxide : — 

CO + KOH = H .CO2K. 

This method can be used for the preparation of formic acid on 
the large scale. Soda-lime acts as well as potassium hydroxide. 

(2) By the action of metallic potassium upon moist carbon 
dioxide (carbonic acid) : — 

2 CO2 + K2 + H2O = HCO2K + HCO3K, 
or 2 CO8H2 + K2 = HCO2K + HOOsK + HgC. 
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(3) By treatment of a solution of ammonium carbonate with 
sodium amalgam : — 

C03(NH,)2 + 2 H = HCOgCNHO + HgO + NHg, 
and HCOaCNH,) + NaOH = HCOgNa + NHg + H2O. 

According to these last two methods formic acid appears as a 
reduction product of carbonic acid formed by the abstraction of 
one atom of oxygen : — 

H2CO3 = H2CO2 + O. 

It is extremely important to bear this fact in mind, as it is of 
great assistance in enabling us to understand the relation exist- 
ing between the two acids, and between them and all other acids 
of carbon. It will be shown that all the acids of carbon may 
be regarded as derivatives of either formic acid or carbonic 
acid. 

(4) When hydrocyanic acid is left in the presence of an acid 
or an alkali, it breaks up, forming ammonia and formic acid. 
The reaction may be represented thus : — 

HCN + 2 H2O = H2CO2 + NH3. 

Of course, if an acid is present, the ammonium salt of the acid is 
formed ; and, if an alkali is present, the formate of this alkali is 
formed. A reaction similar to this is used very extensively in ilie 
preparation of the OAdds of carbon^ as will be shown. 

Anhydrous formic acid can be made by dehydrating either 
the copper or lead salt, and passing dry hj'drogen sulphide over 
the salt placed in a lieated tube. The acid distils over, and can 
be obtained perfectly pure by placing a little of the anhydrous 
salt in it and redistilling. 

It is a colorless liquid which boils at 99°. It has a pene- 
trating odor. Dropped on the skin, it causes extreme pain and 
produces blisters. Its specific gravity at 0° is 1.22. When 
cooled down it solidifies to a mass of c\:^alsk\^^\ivc\iinftlt at 8.6® 
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Concentrated sulphuric acid decomposes it into carbon mon- 
oxide and water : — 

H2CO2 = CO + H2O. 

It is easily oxidized to carbonic acid. Hence it acts as a 
reducing agent. Heated with the oxides of mercury or silver, 
they are reduced to* the metallic condition : — 

HgO + H2CO2 = Hg + H2O + CO2. 

Like other acids, formic acid yields a large number of salts with 
bases, and ethereal salts or compound ethers with the alcohols. 
These derivatives need not be considered here. The salts are 
all soluble in water, and some of them, as the lead, copper, and 
barium salts, crystallize very well. Some of the compound 
ethers will be mentioned when these substances are considered 
as a class. 

Acetic acid, G2H4O2. — The two methods by which acetic 
acid is exclusively made are, — 

(1) By the oxidation of alcohol ; and 

(2) By the distillation of wood. 

When pure alcohol is exposed to the air it undergoes no 
change. If, however, some platinum black is placed in it, 
oxidation takes place and acetic acid is formed. So also if 
fermented liquors which contain nitrogenous substances are 
exposed to the air, oxidation takes place, and the liquor becomes 
sour in consequence of the formation of acetic acid. A great 
deal of acetic acid is made by exposing poor wine to the action 
of the air. The product is known as mine vinegar. The for- 
mation of vinegar has been shown to be due to the presence of 
a microscopic organism (Mycoderma aceti) commonly known as 
" mother-of -vinegar." This serves in some way to convey the 
ox3'gen from the air to the alcohol. The "quick-vinegar 
process," much used in the manufacture o^ xme^^cc.^ Q,Qtk"fe\&\»» Na. 
allowing weak spirits of wine to pass sVoY^Yg >i\iio\x^ \i«rt^% 



58 DERIVATIVES OF METHANE AND ETHANE. 

filled with beech shavings which have become covered with 
Mycoderma aceti. The presence of the organism is secured by 
first pouring strong vinegar into the barrels, and allowing it to 
stand for one or two da3's in contact with the shavings. 

When wood is distilled, a very complex mixture passes over, 
one of the constituents being acetic acid. By keeping the tem- 
perature down comparatively low, the amount of acetic acid 
obtained is increased. The distillate is neutralized with soda 
ash, and the solution of crude sodium acetate thus obtained 
evaporated to dryness. It is then treated with sulphuric acid, 
and distilled, when acetic acid passes over. 

Besides the two methods mentioned, there are two others 
which may be used for making acetic acid. One of them is a 
modification of a method referred to under formic acid, and, 
from the scientific point of view, both are of great interest. 
They are, — 

(1) By treating carbon dioxide with a compound known 
as sodium-methyl^ which may be regarded as marsh gas, in 
which one hydrogen is replaced by sodium as shown in the 
formula CHsNa : — 

CO2 + CHgNa =:^ CHg.COgNa. 

(2) By treating methyl cyanide, CHgCN, with an acid or an 
alkali * — ~~ 

CH3CN + 2 H2O = CH3.CO2H + NH3. 

This reaction is analogous to that involved in the formation 
of formic acid from hydrocyanic acid (see p. 56) . 

Whether the acid is made from alcohol or from wood, it must 
be purified. For this purpose it is passed through charcoal and 
distilled. It still contains water, from which it cannot be 
completely separated by distillation. When cooled down to a 
suflSciently low temperature it solidifies, and the water can 
then partly be poured ofi". By repeating the freezing, and 
distilling a few times, perfectly pure, anhydi'ous acetic acid 
can be obtained. 
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Bxperiment 17. Make pure acetic acid from the commercial sub- 
stance. First distil in fractions until a portion is obtained that boils 
between 110° and 119°. Put the vessel containing this in ice. The 
liquid will solidify almost completely. Pour off the little liquid which 
remains, and distiL 

Acetic acid is a clear, colorless liquid, which boils at 119°. 
It has a very penetrating, pleasant, acid odor, and a sharp acid 
taste. The pure substance acts upon the skin like formic acid, 
causing pain and raising blisters. It solidifies when cooled down, 
and the crystals melt at 16.7®. The pure acid which is solid at 
temperatures below 16° is known as glacial acetic acid. Its speci- 
fic gravity is 1.08 at 0°. It mixes with water in all proportions. 

Acetic acid is extensively used, chiefly in the dilute, impure 
form known as vinegar. Formic acid would answer perhaps as 
well. It is used in calico printing in the form of iron and alu- 
minium salts. With iron it gives hydrogen, which is needed in 
the manufacture of certain compounds used in making dyes, as, 
for example, aniline. It is an excellent solvent for many 
organic substances, and is therefore frequently used in sci- 
entific researches. 

Derivatives of ascetic acid. Acetic acid yields a very large 
number of derivatives. They may be considered briefly under 
two heads : (1) Those which are formed in consequence of the 
acid properties and which necessitate a loss of the acid proper- 
ties, as the salts, ethereal salts, etc. ; and (2) those in which 
the acid properties remain essentially unchanged. 

Salts of acetic acid. The acetates of the alkalies were the 
first compounds of carbon ever prepared. The potassium and 
sodium salts are used in the chemical laboratory. Both crystal- 
lize, the sodium salt particularly well and easily. 

Lead acetate^ (C2H302)2Pb. This salt, which is commonly 
known as sugar of lead, is made on the large scale by dissolv- 
ing lead oxide in acetic acid. It crystallizes well, and is solu- 
ble in 1.5 parts of water at ordinary temperatures. Commer- 
cial sugar of lead frequently contains an excess of lead oxide in 
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the form of basic salts. A solution of such a mixture becomes 
turbid when allowed to stand in the air, or gives a precipitate 
when dissolved in ordinary spring water, in consequence of the 
formation of lead carbonate. 

Copper acetate^ {Q^jd^2^^* This salt can be made by 
dissolving copper hydroxide or carbonate in acetic acid. It 
crystallizes in dark-blue, transparent prisms. A hade acetate^ 
formed by the action of acetic acid on copper in the air, is 
known as verdigris. 

Copper aceto-arsenite^ 3 CUAS2O4 + (C2H302)2Cu. This double 
salt is formed by boiling verdigris and arsenic trioxide together 
in water. It has a fine bright-green color, and is used as a 
coloring matter. It is the chief constituent of emerald green, 
or Schweinfurt's green. 

Iron forms two distinct salts with acetic acid, the ferrous 
salt, (C2Hg02)2Fe + 4 H2O, and the fernc salt, (0211302)6^62. 
The latter is formed when sodium acetate is added to an acidi- 
fied solution of a ferric salt. At first the solution becomes 
deep-red in color ; but, on boiling, all the iron is precipitated 
as hydroxide. Hence this salt is used for the purpose of sepa- 
rating iron from manganese in analytical operations. 

Experiment 18. To a dilute solution of ferric chloride, containeci 
in a small flask, add a little sulphuric acid and a solution of sodium 
acetate. Boil the red solution, and ferric hj^droxide is precipitatedr 
leaving the solution colorless. Filter, and examine the filtrate for iron. 

The ethereal salts will be mentioned brieflv when .this class 
of compounds is considered. The principal one is ethyl acetate 
or acetic ether j which is formed from acetic acid and ordinary 
alcohol. When a mixture of these two substances is treated 
with sulphuric acid, the ether is formed and can be recognized 
by its pleasant odor. This fact is taken advantage of for the 
detection of acetic acid. 

Experiment 19. To a mixture of about equal parts of ^acetic acid 
snd alcohol, in a test-tube, add a little concentrated sulphuric acid, and 
Dotice the odor. It is that of ethvl acetate o^* acetVc ^\i?aet. 
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Acetic anhydride or acetyl oxide, CiHeOs. — This sub- 
stance, which bears to acetic acid the relation of an anhydride, 
is made by abstracting water from the acid ; — 

2 CgHA = aHgOg + H2O. 

Like other acids, acetic acid contains hydroxyl, as will be 
shown below. We may hence represent the acid thus : 
CJI3O.OH. The part CaHgO is known as acetyl. Now when 
water is abstracted from the acid, the change takes place as rep- 
resented in this equation : — 

C2H3O.OH ) __ C2H3O 1 n _i_ TT n 
C,H,O.OH I ~ C^HsO I ^ '"• 

Hence, according to this, acetic anhydride appears as the oxide 
of acetyl, while the acid itself is the hydroxide. 

Acetic anhydride is a colorless liquid which boils at 138°. 
With water it gives acetic acid. 

Acetyl chloride, C2H3OCL ") Just as alcohol, when 
Acetyl bromide, CaHsOBr. > treated with phosphorus tri- 
Acetyl iodide, C2H3OI. J chloride, yields a chloride of 
ethyl, so acetic acid, when treated with the same reagent, yields 
acetyl chloride. The character of the reaction is the same in 
both cases. It consists in the replacement of hydroxyl by 
chlorine : — 

3 C2H3O.OH + PCI3 = 3 C2H3OCI + P(0H)3. 

Acetyl chloride. 

Experiment 20. Arrange a dry distilling flask, with condenser and 
dry receiver, under a hood or out of doors. Bring together 9 parts 
Csay 180K) strong acetic acid and 6 parts (say 120K) phosphorus tri- 
chloride. Slightly heat the mixture on the water-bath, when acetyl 
chloride will distil over. Collect in a dry bottle. 

Acetyl chloride is a colorless liquid which boils at 55°. 
Water acts upon it very readily, acetic and hydrochloric acids 
being formed : — 

CgHsOCl + H2O = CaHaO.OH + 1\C\. 
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In this case the chlorine is replaced by hydroxyl. As the sub- 
stance is volatile y it fumes in contact with the air in consequence 
of the formation of hydrochloric acid. It must be kept in 
tightly-stoppered bottles. In handling it, care must be taken 
not to bring it near the nose, as its odor is very suffocating, and 
it attacks the mucous membranes of the eyes and nose, produc- 
ing coughing and other bad results. 

Acetyl chloride is a valuable reagent much used in the exam- 
ination of compounds of carbon. Its value depends upon its 
action towards alcohols. When it is brought together with an 
alcohol, as, for example, methyl alcohol, hydrochloric acid is 
evolved, and the acetyl group takes the place of the hydrogen 
of the alcoholic hydroxyl : — 

CH3.OH -f- C2H3OCI = CH3.O.C2H3O + HCl. 

« 

The product is an ethereal salt, methyl acetate. This kind of 
action takes place whenever an alcohol is treated with acetyl 
chloride. Hence if, on treating a substance with acetyl chloride, 
its composition is changed, showing that hydrogen is replaced by 
acetyl, we are justified in concluding that the substance contains 
alcoholic hj'droxyl. The bromide and iodide resemble the 
chloride ver}^ closely. 

Experiment 21. Treat a few cubic centimetres of absolute alcohol 
with acetyl chloride. Notice the evolution of hydrochloric acid and 
tke odor of ethyl acetate. 

Substitution-products of acetic acid. These bear the same 
relation to acetic acid that the substitution-products of marsh 
gas bear to marsh gas. They are formed by the simple sub- 
stitution of a halogen, etc., for hydrogen. Only three of the 
four hydrogen atoms of acetic acid are capable of direct 
replacement. The fourth is the one to which the acid prop- 
erties are due. Hence the substitution-products are acid. The 
best known of these products are the chlor-acetic acids which 
are made by treating the acid with, chlorine. They are 
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mono -cMor- acetic J di-cMor- acetic^ and tH-cMor- acetic add^. 
Their formation is represented by the following equations : — 

C2H3O.OH + CI2 = C2H2CIO.OH + HCl ; 
C2H2CIO.OH + CI2 = C2HCI2O.OH + HCl ; 
C2HCI2O.OH + CI2 = C2CI3O.OH + HCL 

When treated with nascent hydrogen they are converted 
back into acetic acid. They yield salts, ethereal salts, anhy- 
drides, etc., just the same as acetic acid itself. 

Theory in regard to the relations between the adds, alcohols^ 
aldehydes J and hydrocarbons. The reactions and methods of 
formation of acetic acid enable us to form a clear conception in 
regard to the relation of its constituents. In the first place 
the presence of hydroxyl is shown by the reaction with phos- 
phorus trichloride. We hence have C2H3O.OH as the formula 
representing this idea. But several questions still remain to be 
answered. There is another oxygen atom to be accounted for ; 
and the relations between the hydroxyl and this oxygen must 
be detennined if possible. The fact that this second oxygen 
is not readily replaced by chlorine indicates that it is not 
present as hydroxyl, and all methods of testing for hydroxyl 
fail to show its presence in acetyl chloride. Hence we may 
conclude that the second oxygen atom is present as carbonyl 

O 
II 
CO. This leads us to the formula H — C — O — H for the simplest 

acid, or formic acid. Accordingly, formic acid appears as 

carbonic acid, which we commonly represent by the formula 

O = C \ 9 in which one hydroxyl has been reduced to hydrogen. 



We have already seen that this reduction can be accomplished 
without difficulty. Many other arguments might be brought 
forward in favor of the view that the above formulas express 
the relations between formic and carbonic ac\d%. "^or^^ ^^ 
acetic acid is the homologue of form\c acvd, ^^ >aa.^^ ^m^"c^ 
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* 

reason to believe that it differs from the latter in tha^ it con- 
tains methyl in place of the hydrogen, which is in direcJt com- 
bination with carbon. It must hence be represented by the 
O 

II . PIT 

formula CH3.C - OH or CO ( ^ The common constituent of 

^OH 

O 

II 
the two acids, is the group C — O — H or — CO.OH, which is gener- 
ally known as carhoxyL Acetic acid is closely related not only 
to formic but to carbonic acid. It may be regarded as carbonic 

• OH 

acid, CO \ ? in which one hydroxyl is replaced by the radical 

methyl. In a similar way we shall see that all organic acids 
may be regarded as derived either from formic acid or from 
carbonic acid. 

Representing now the simplest hydrocarbon, alcohol, alde- 
h3'de, and acid, by the structural formulas deduced from the 
facts, we have 





rOH 

C ^^ 




H 




H 


^H 


^H 


Mar 


shgas. 


Metl 


[lyl alcohol. 




c 



(O 
OH. 



Formic 
aldehyde. 



Formic acid. 



Concerning the mechanism of the changes caused by oxida- 
tfon, but little can be determined by experiment. We "may 
regard metljyl alcohol as the first and simplest product of 
oxidation of marsh gas. Starting with methyl alcohol, we 
might expect the next change to consist in the introduction 

r OH 

of another oxygen atom, giving a body cJ ^^. But it has 

H 

^H 
been found that, except under certain peculiar conditions, 
one carbon atom cannot hold two hydroxy la iu combioatiOQ} 



..J.;5: 
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and that, if such a body is formed, it loses the elements of 

OH 

ro 

H+HgO. The result would be the 
H 



water ; thus, C -j = q 



H 
aldeliyde. This kind of change is illustrated in. the formation 

of carbon dioxide from the salts of carbonic acid. Instead of 

OH 
getting the acid CO < ^_, which we should naturally expect, we 

OH 

get this minus water : — 

Url 

Now, when the aldehyde is oxidized, another oxygen atom is 
introduced, and the substance thus produced is an acid, or the 
hydi'oxyl hydrogen can be jeplaced by metals, and has in general 
the characteristics of acid hydrogen. As soon as we have car- 
bon in combination with oxygen as carbon3'l, and also with 

bydroxyl, the substance containing the combination is an acid. 

/O 

If, finally, the acid C ) OH is oxidized, it is probable that the 

(H 
same change takes place as when the alcohol is oxidized. That 

is to say, the hydrogen is probably replaced by hydroxyl, when 
a compound containing two hydroxyls in combination with one 
carbon atom would be the result. This would be ordinary car- 
bonic acid. But this breaks up into water and carbon dioxide, 
which, as we know, are the products of oxidation of formic 
acid. 

All the many representatives of the great classes of carbon 
compounds known as the alcohols, aldehydes, and acids are 
closely related to the three fundamental substances, methyl 
alcohol, formic aldehyde, and formic acid. Replace one of 

the hydrogen atoms of methyl alcohol by a radical, and we get a 

f OH 

new alcohol, which may be represented by the formula C - tt • 
So also SL similar replacement of a liydro^eii slVotsi m Iottcgssi 
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, C4 h; and, 
Ir 



aldehyde gives another aldehyde, cJh; and, finally, as we have 

Ir 

seen, the acids of carbon may be represented by the formulas 

C ) OH or R.CO.OH, or CO < ^ , which show their relations to 
(R oh' 

formic and carbonic acids. Hereafter, in writing the formulas 
of members of the three great classes, the structure will be repre- 
sented by writing the hydroxyl group OH, the aldehyde group 
CHO, and the carboxyl group CO. OH or CO2H, separately 
from the rest of the formula. 



5. Ethereal Salts or Compound Ethers. 

Whenever an acid acts upon an alcohol, the acid is neutralized 
either wholly or partly, and a product analogous to the salts is 
formed. Thus nitric ^cid and ethyl alcohol give ethyl nitrate : — 

C2H5 .OH + HNO3 = C2H5.NO3 + H2O, 

just as nitric acid and potassium hydroxide give potassium 
nitrate. It has been pointed out that the radicals, methyl, CH3, 
and ethyl, C2H5, take the part of metals in the ethereal salts. 
We can thus get a series of methyl and ethyl salts with the 
various acids. 

As regards the preparation of these compounds, it should be 
remarked that the action between an alcohol and an acid does 
not take place as readily as that between an acid and a metallic 
hydroxide. Only a few of the strongest acids act directly 
without aid. Such, for example, are nitric and sulpnuric acids, 
though even the latter is not completely neutralized by action 
upon alcohols, as has already been seen in the preparation of 

ethyl-sulphuric acid, ^^ > SO^, for the purpose of making ether. 

Plainly ethyl-sulphuric acid is an acid ethereal salt, analogous 
to acid potassium sulphate. Both are still acid, though both 
are likewise salts. 
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The methods which may be used for preparing ethereal salts 
are the following : — 

(1) Treatment of an acid with an alcohol. This is capable 
of only very limited application, as in the case of a few of the 
strongest acids. 

(2) Treatment of the chloride of an acid with alcohol. This 
has been illustrated by the action of acetyl chloride, C2H3O.CI, 
upon methyl alcohol (see p. 62) : — 

C2H3OCI + HO.CH3 = C2H3O.OCH3 + HCl, 
or CH3.COCI + HO.CH3 = CH3.COOCH3 + HCl. 

(3) Treatment of the silver salt of an acid with a halogen 
substitution-product of a hydrocarbon. For example, ethyl 
acetate can be made by treating silver acetate with brom- 
ethane : — 

CHg.COOAg -f CgHfiBr = CH3COOC2H5 + AgBr. 

This reaction is well adapted to showing the relation between 
the salt and the ethereal salt, and leaves no room for doubt that 
the two are strictly analogous. 

(4) Treatment of a mixture of an alcohol and an acid with 
dry hydrochloric acid gas or strong sulphuric acid. The forma- 
tion of ethyl acetate by this method was illustrated in Experi- 
ment 19, p. 60. The sulphuric acid facilitates the action by 
uniting, with the alcohol to form eth3'l-sulphuric acid, which with 
the acid gives the ethereal salt : — 

CsHfi^g^^ + CH3.COOH = CH3.COOC2H5 + H2SO4. 
H 

It is probable that the hydrochloric acid first acts upon the 
acid formiog the chloride, and that this then acts upon the 
alcohol, forming the ethereal salt : — 

CHs.COOH + HCl = CH3.COCI + H2O ; 
CH,.C0C1 + C^H^OH = CH3.COOC4U, -V^^^^- 
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Among the more important ethereal salts of methyl and ethyl 
alcohols, the following may be mentioned : — 

OH 

Methyl-sulphuric acid, g^'^®^*' ^o"^®^ ^J mixing 

methyl alcohol and sulphuric acid. The acid itself, as well as 
its salts, is very easily soluble in water. 

Ethyl nitrate, C2H5NO3, formed by treating alcohol with 
nitric acid. Unless precautions are taken in mixing these 
reagents, complete decomposition of the alcohol will take place, 
and the action will be accompanied by a violent explosion. 

Bthyl-sulphurio acid, ^=^>SOi. Made in the same wav 

* 

as the methyl compound. The acid and its salts are easily sol- 
uble in water. When boiled with water it is defcomposed, 
yielding alcohol and sulphuric acid : — 

CjP5 ^ go^ + HgO = H2SO4 + C2H5OH. 
M 

Ethyl sulphate, (C2H5)2S04, is made by passing the vapor 
of sulphur trioxide into well-cooled ether : — 

iC,ll,),0 + SOs = (035)2804. 

Phosphoric acid yields ethyl phosphate, (C2H5)3P04, di-ethyl-phos- 
phoriG acid, (C2H5)2HP04, and e^%Z-;p^o.sp^nc acid,, C2H5H2PO4. 

There also are similar derivatives of arsenic, boric, silicic, and 
other mineral acids. , 

Of the ethereal salts which the two alcohols form with formic 
and acetic acids, methyl and ethyl acetates are the best known. 
The methods of preparing them have already been considered. 
They are both liquids having pleasant odors. This is indeed a 
characteristic of many of the volatile ethereal salts of the acids 
of carbon, and many of the odors of fruits and flowers are due 
to the presence of one or another oi t\ieae cotsi^oxxa'jflft. Many 
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of them also are used for flavoring purposes instead of the 
natural substances. « 

Experiment 22. Make a mixture of 15 parts (1608) of ordinaiy 
concentrated sulphuric acid and 6 parts (60k) absolute alcohol. Add 
to it 10 parts (IOOk) sodium acetate. Distil from a flask. Redistil 
the distillate. The ethyl acetate thus formed boils at 77°. What 
reactions take place in this case? 

Decomposition of ethereal salts. Salts of most metals are 
decomposed when treated with an alkaline hydroxide, as caustic 
soda or caustic potash, the result being a salt of the alkali and 
the hydroxide of the replaced metal, as seen in the case of 
copper sulphate and sodium hydroxide : — 

CUSO4 -h 2 NaOH = Cu(0H)2 + Na2S04. 

So also the ethereal salts are decomposed when treated with the 
alkalies, though, as a rule, not as readily as salts. It is usually 
necessary to boil the ethereal salt with the alkali when decom- 
position takes place, the radical, like the metal, appearing in 
the form of the hydroxide or alcohol, and the alkali metal taking 
its place. Thus, when ethyl sulphate is treated with a solution 
of caustic potash, this reaction takes place : — 

(C2H5)2S04 + 2 KOH = K2SO4 -f 2 C2H5.OH ; 

and when ethyl acetate is treated with caustic soda, we have this 
reaction : — 

CH3.COOC2H5 -f NaOH = CHg.COONa + C2H5OH. 

Kxperiment 23. In a 500°^ flask put 200^^ water, 50R solid 
caustic potash, and 20^^ ethyl acetate. Connect with an inverted con- 
denser, arranged as shown in Fig. 8. Boil gently for half an hour. 
Now connect the condenser with the flask for distilling, and again boil. 
Examine the distillate for alcohol. Acidify the contents of the flask 
with sulphuric acidj and again distil. What passes over? 

All ethereal salts are decomposed by boiling with the caustic 
alkalies. As this decomposition is best known on. tt^a \^x^<fe ^^^<i 
in the preparation ofsoapB, it is commonly caMed sapouxjlwxUo'a. 
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As will be shown, the fats are ethereal salts, and soap-makiug 
consists in decomposing these fats by means of the alkalies. 
Hence, generally, to sap&nify an ethereal salt means to decom- 
pose it by means of an alkali into the corresponding alcohol and 
the alkali salt of the acid contained in it. 




Fig. 8. 



6. Ketones or Acetones. 

When an acetate is distilled, a liquid passes over which has 
the composition CgHgO, and a carbonate remains behind. The 
reaction has been carefully studied, and has been shown to take 
place in accordance with the following equation : — 

The substance CaHgO is known as acetone. It is the best 
known representative of a class of compounds which are some- 
times called acetones, but more commonly ketones. 

Acetone, CsHeO. — This substance has long been known 
as a product of the distillation of acetates. It is contained 
in considerable quantities in the product obtained in the 



ACETONE. 71 

distillation of wood, and can be separated from the mixture 
after the removal of the acetic acid. 

4 

It can be purified by shaking a mixture containing it with a 
concentrated solution of mono-sodium sulphite. It unites with 
the salt, forming a compound analogous to that formed with 
aldehyde. The double compound can be separated, and when 
distilled with the addition of potassium carbonate acetone passes 
over. 

Acetone is a colorless liquid having a penetrating pleasant 
ethereal odor. It boils at 56.3°. It is a good solvent for man}'^ 
carbon compounds, such as resins, fats, etc. 

On studying the conduct of acetone, it soon becomes evident 
that it more closely resembles the aldehydes than any other 
bodies thus far considered. It is plainly not an acid nor an 
alcohol. It acts entirely difl'erently from either. It is not an 
ethereal salt, for on boiling with an alkali it does not yield an 
alcohol nor the salt of an acid. On the other hand, it unites 
with the acid sulphites like the aldehycies. Further, when 
treated with phosphorus pentachloride its oxygen is replaced by 
two chlorine atoms thus : — 

and when treated with nascent hydrogen, it is converted into a 
substance having alcoholic properties. These facts lead to 
the conclusion that the substance contains carbonyl, CO, as the 
aldehydes do. This is shown in the formula C2H6CO, The 
formation from calcium acetate leads further to the belief that 
the group C2He really consists of two methyls, as the simplest 
interpretation of the reaction is represented thus : — 

According to this, acetone is a compound of two meth}-! groups 
and carbonyl, or it is carbon monoxide whose two available 
affinities have been satisfied by two methyl groups. 
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We can test the correctness of this view by means of synthe- 
ses. If it is correct, it will be seen that acetone is closely 
related to acetyl chloride. It is acetyl chloride in which the 
chlorine has been replaced b}'^ methyl : — 

CHs.CO.Cl CH3.CO.CH3. 

Acetyl chloride. Acetone. 

Now, when acetyl chloride is treated with zinc methyl, Zn(CH3)s) 
it yields acetone according to this equation : — 

2 CH3.COCI + Zn(CH8)2 = 2 CH8.CO.CH3 + ZnClj. 

Further, acetone can be made by treating carbon monoxide 
with sodium methyl, a direct addition of two methyl groups to 
carbon monoxide being thus effected. The relation between 
acetone and ordinary acetic aldehyde is like that of an ethereal 
salt to its acid ; that is, acetone is aldehyde, CH3.COH, in 
which the hydrogen has been replaced by methyl, CH3.CO.CH3. 

Like the aldehydes, the acetone has the power of taking up 
other substances, such as the acid sulphites, ammonia, hydro- 
cyanic acid, hydrogen, etc. This power is in some way con- 
nected with the relation of the oxygen to the carbon, which is 
the same in both compounds. Nevertheless, this condition of 
the oxygen does not always carry with it the same power as 
seen in the case of the acids which also contain carbonyl. 

By reduction with nascent hydrogen, acetone yields an alco- 
hol of the formula C3H8O, known as secondary propyl alcolwl^ 
which when oxidized yields acetone. In other words, the rela- 
tion between this alcohol and acetone is much the same as that 
between ethyl alcohol and acetic aldehyde. But while the alde- 
hyde by further oxidation yields acetic acid by simply taking 
up one atom of oxygen, acetone is decomposed by oxidizing 
agents, and yields acetic and carbonic acids. Towards oxidiz- 
ing agents, then, acetones (for it will be shown that other 
acetones conduct themselves in the same way) act entirely 
differently from the aldehydes. The alcohol above mentioned 
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as related to acetone is the simplest representative of a class of 
alcohols differing in some respects from the substances com- 
monly called alcohols. 



We have thus considered the most important representatives 
of six classes of oxygen derivatives of the hydrocarbons, and, 
by a study of their chemical conduct and the methods available 
for their preparation, have formed views in regard to the rela- 
tions between them. In our ordinary language we may express 
these relations briefly thus : The alcohols are the hydroxyl 
derivatives of the hydrocarbons or the hydroxides of certain 
groups called rddiccUs; the ethers are the oxides of these same 
radicals ; the aldehydes are compounds consisting of carbonyl, 
hydrogen, and a radical ; the acids are compounds of carbonyl, 
hydroxyl, and a radical, or, better, they are carbonic acid in 
which hydrogen and oxygen, or hydroxyl, have been replaced 
by a radical ; the ethereal salts are compounds like ordinary 
metallic salts, only they contain a radical in the place of the 
metal; and, finally, the ketones are aldehydes in which the 
distinctively aldehyde hydrogen has been replaced by a radical, 
or they are compounds consisting of carbonyl and two radicals. 

These ideas are expressed in formulas thus, R being any 
univalent radical like methyl, CH3, or ethyl, C2H5: — 

Alcohol .... R-O-H. 
Ether R-O-R. 

Aldehyde. . . . R-C-H. 

II 
O 

Acid R-C-O-H. 

II 
O 

Ethereal salt . . Ac— O— R (Ac— O— H representing any 

monobasic acid) . 

Ketone • . . . R— C— R. 

If 
O 



CHAPTER V. 

SULPHUR DERIVATIVES OF METHANE AND 

ETHANE. 

1. Mercaptans. 

The simplest derivatives of methane and ethane containing 
sulphur are the so-called mercaptans or sulphur alcohols. They 
can be made by a method similar to one described under the 
head of Alcohols. When a mono-halogen derivative of a hydro- 
carbon, as brora-methane, CHgBr, is treated with the hydroxide 
of a metal, as silver hydroxide, AgOH, an alcohol is formed : — 

CHgBr -f AgOH = CH3OH + AgBr. 

So, also, when a similar halogen derivative is treated with a i 
hydrosulphide instead of a hydroxide, a compound is obtained 
which we may regard as an alcohol in which the oxygen has 
been replaced by sulphur : — 

CHgBr + KSH = CHgSH + KBr. 

The compound is called a mercaptan. 

Bthyl-meroaptan, O2H5.SH. — This substance can be pre- 
pared by treating iodo-ethane, C2H5I, with an alcoholic sola- 
tion of potassium hydrosulphide, ESH ; also by distilling a 
mixture of the concentrated solutions of potassium ethylsul- 
phate and potassium h3^drosulphide : — 

C2H5 ^ gQ^ ^ g-gjj ^ g.^g()^ ^ CgH^SH. 

Iv. 

It is a liquid of an extremely disagreeable odor; it boils at 87**; 
and IS difSculUy soluble in water. 
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The name *'mercaptan" was given to it oh account of its 
action towards mercury. It readily forms a compound in which 
mercury takes the place of hydrogen, (C2H5S)2Hg ; and the 
name has reference to this power (corpus mercurio aptum) . It 
forms many other well-characterized metallic derivatives like 
this mercury compound. 

When the sodium compound of mercaptan is exposed to the 
air, it takes up oxygen. So, also, when mercaptan itself is 
treated with nitric acid, it is oxidized, the product having the 
formula C2H5 . SO3H. It will thus be seen that, though in com- 
position mercaptan is analogous to alcohol, towards oxidizing 
agents it conducts itself quite differently. In the case of alco- 
hol two atoms of hydrogen are replaced by one of oxygen. In 
the case of mercaptan three atoms of oxygen are added directly 
to the molecule. It will be shown that this new acid, which is 
caUed ethyUsutphonic acid^ bears to sulphuric acid a relation 
similar to that which acetic acid bears to carbonic acid ; and 
that it bears to sulphurous acid a relation similar to that which 
acetic acid bears to formic acid. 

When treated .with phosphorus pentachloride it yields a chlo- 
ride, C2H5.SO2CI ; and, when this is treated with nascent hydro- 
gen (zinc and hydrochloric acid) , it is reduced to mercaptan : — 

C2^B.S02Cl -I- 6H = C2H5.SH + HCl -f- 2H20, 

2. Sulphur Ethers. 

There are compounds known similar to the ethers, containing 
sulphur in the place of the oxygen of the ethers. Such are 
methyl-sul^ide, (CH8)2S, and ethyl-sulphide, (02115)28. These 
are made by treating brom- or iodo-methane or ethane with 
potassium sulphide : — 

2C8H5I -I- K2S =r (C2H5)2S -f- 2 KI. 
They are liquids of yerj disagreeable odors. 



/ 
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3. SuLPHONic Acids. 

It was stated above, that when mercaptan is oxidized it is 
converted into an acid of the formula C2H5 . SOgH, or ethyUsul- 
phonic acid. This is the representative of a large class of sub- 
stances which are commonly made by treating carbon compounds 
with sulphuric acid. These sulphonic acids can best be studied 
in connection with another series of hydrocarbons. Under the 
head of Benzene (which see) it will be shown that, when this 
hydrocarbon is treated with sulphuric acid, a reaction takes 
place which may be represented thus : — 

CeH, + ^^ > SO, = ^' > so, + H,0. 

Benzene. Benzene-sulphonic acid. 

The sulphonic acid thus obtained can also be made by oxi- 
dizing the corresponding mercaptan or hydrosulphide, CeHg . SH. 
Accordingly, the sulphonic acid appears to be sulphuric^ acid in 
which a hydroxyl has been replaced by the radical CeHj. Rea- 
soning by analogy, which, fortunately, is supported by other 
arguments, we may conclude that ethyl-sulphonic acid formed 

from ethyl-mercaptan bears a similar relation to sulphuric acid, 

C H 
and corresponds to the formula ttq* > SOg. So, also, methyl- 

sulphonic acid obtained by oxidation of methyl-mercaptan 

should be represented by the formula ttq > SOg or CH,. SO2OH. 

Its relation to sulphuric acid is the same as that of acetic acid tou 
carbonic acid. ' '*^' 




Another method by which the sulphonic acids can be pijp^ 
pared consists in treating a sulphite with a halogen substitu- 
tion-product. Thus ethyl-sulphonic acid can be prepared from 
potassium sulphite and iodo-ethane : — 

C2H,I+ ^>S03 = ^^^^>S03 + KI, 
or CAI-h^^>SO, = ^^>SO,-fKL 
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According to this reaction the sulphonic acids appear to be 
identical .with the ethereal salts of sulphurous acid, but they 
do not conduct tliemselves like ethereal salts. The differ- 
ence is particularly noticeable in connection with the stability, 
.the sulphonic acids as a class being much more stable than 
the ethereal salts as a class. At present it would be some- 
what premature to discuss fully the question as to their rela- 
tions. Whatever we may call them, they are closely related to 
sulphurous acid, and are derived from it by replacement of 
hydrogen by a radical, just as acetic acid may be regarded as 
derived from formic acid by replacement of hydrogen by a 
radical. These relations are represented by the following 
formulas : — 

Carbonic acid, CO < . Sulphuric acid, SO2 < 

H H 

Formic acid, CO < __. Sulphurous acid, SOo < 

OH ^ ' OH 

Acetic acid, CO < ^\ Methyl-sulphonic acid, SOg < ^^\ 

Any carbonic j ^^ ^ R ^ ^^^^^^ ^^^^ g^^ ^ R 

acid, ) OH OH 

The difference between a sulphonic acid and an ethereal salt of 
sulphuric acid should be specially noticed. Compare for this 

C H O 

purpose ethyl-sulphuric acid, ^^ >S02, and ethyl-sulphonic 

C H 

acid, ^^ > SOj. Both are monobasic acids, and both contain 

ethyl, but there is a difference of one atom of oxygen in their 
composition. The reactions of the substances are such as to 
lead to the conclusion that in ethyl-sulphonic acid the ethyl 
group is directly connected with the sulphur; and that in 
ethyl-sulphuric acid the connection is established by means of 
oxygen. The strongest argument in favor of this view is 
perhaps that which is founded on the formation of the 8ul^l\o\>k\ft. 
acids by oxidation of the hydrosulpbides or iDLettaj^\aJG&. AX. 
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can hardly be doubted that in ethyl-mercaptan the sulphnr is in 
direct combination with the ethyl ; or, to go still farther, that 
it is in combination with carbon as represented in the formula 

H 
HgC — C — S — H. Now, by oxidation of mercaptan, three atoms 

of oxygen are added, and the simplest view we can take of the 
reaction is that the sulphur is left undisturbed in its relations to 
ethyl, but that it has taken up the oxygen, as represented in the 
formula C2H6— SO2.OH. As has been shown, the oxygen can 
be removed again by nascent hydrogen, and the result is mer- 
captan. The study of the sulphonic acids in their relations to 
sulphuric and sulphurous acids has been of considerable assist- 
ance in enabling chemists to form conceptions in regard to the 
relations of the constituents of the two latter. The view which 
is forced upon us by a consideration of the reactions described 
above is that sulphurous acid differs from sulphuric acid in 
containing a hydrogen atom in place of hydroxyl, as represented 

OH H 

in the formulas SO2 < ^_ and SO2 < ^^ ; and, further, that in 

UH UH 

sulphurous acid one hydrogen is in combination with sulphur 
and the other with oxygen. 



g and 
H 



CHAPTER VI. 

NITROO-BN DERIVATIVES OF METHANE AND 

ETHANE. 

The simplest compounds of carbon containing nitrogen are 
cyanogen and hydrocyanic acid. Strictly speaking, neither can 
be regarded as a derivative of a hydrocarbon, unless indeed we 
consider hydrocyanic acid as marsh gas, in which three hydro- 

f ^ 

•a 

gen atoms have been replaced by one nitrogen: C 

Ik 

. That, however, is a mere matter of words, as there is 

nothing in the conduct of either substance, or in 'the methods of 
formation of hydrocyanic acid, that would lead us to suspect 
any relation between them. Though cyanogen and hydrocyanic 
acid are tlierefore not to be considered as derivatives of the 
hydrocarbons, they form the starting-point for the preparation 
of so many important compounds that they and their simpler 
derivatives must receive some consideration at this stage. 

Cyanogen, (CN)2. — AU organic compounds that contain 
nitrogen give sodium cyanide when ignited with sodium. So, 
also, potassium cyanide is formed when charcoal containing 
nitrogen is heated with potassium carbonate. Cyanogen itself 
is most readily made by heating mercuric cyanide, Hg(CN)2. 
The decomposition that takes place is, in the main, like the 
simple decomposition of mercuric oxide in preparing oxygen : — 

Hg(CN)2=Hg + (CN),; 
£feO = Hg + O. 
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But, in heating mercuric cyanide, a black solid substance, i^arOi- 
cyanogen, is formed, and remains behind in the retort. It has 
the same composition as cyanogen, and is therefore a polymeric 
modification. 

Cyanogen (from Kvavos, blue) owes its name to the fact that 
several of its compounds have a blue color. It is a colorless 
gas, which is easily soluble in water and alcohol, and is ex- 
tremely poisonous. It burns with a purple-colored flame. 

In aqueous solution, cyanogen soon undergoes change, and a 
brown amorphous body is deposited. In the solution are found 
hydroc^^anic acid, oxalic acid, ammonia, and carbon dioxide. 
A little dilute acid prevents this decomposition. 

Hydrooyanio acid, HON. — This acid, which is commonly 
called prussic add, occurs in nature in amygdalin in combi- 
nation with other substances, in bitter almcmds, the leaves of 
the cherry, laurel, etc. It is prepared by decomposing metal- 
lic cyanides with hydrochloric acid, as represented in the equa- 
tion : — 

KCN + HCl = KCl + HCN. 

It can also be made by treating chloroform with ammonia : — 

CHCI3 + NH3 t= HCN -I- 3 HCl, 
or CHCI3 -I- 5 NHg = NH4 . CN f 3 NH4CI. 

It is a volatile liquid, boiling at 26.5®, which solidifies at —15®. 
It has a very characteristic odor, suggesting bitter almonds. It 
is extremely poisonous. It dissolves in water in all proportions, 
and it is this solution which is known as prussic acid. Pure 
hydrocyanic acid is very unstable. By standing, a brown sub- 
stance is deposited. By boiling with alkalies or acids, it is 
converted into formic acid and ammonia (see p. 56). 

Hydrocyanic acid can be detected by the fact that when its 
solution is saturated with caustic potash, and a solution contain- 
mg a ferrous and a ferric salt is added, a precipitate of Prussiao 
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blue is formed ; or, by adding yellow ammonium sulphide to its 
solution, evaporating off the excess of ammonium sulphide, and 
then adding a drop of solution of ferric chloride. If hydrocy- 
anic acid was present, the solution turns a deep blood red. 

Cyanides. — Hydrocyanic, like hydrochloric acid, forms a 
series of salts, which are called the cyanides. The cyanides of 
the alkali metals and of mercury are soluble in water. The 
cyanides of the heavy metals have a marked tendency to form 
double cyanides, and those double cyanides which contain an 
alkali metal are soluble in water. Hence, the precipitates 
formed by potassium cyanide, in solutions containing the heavy 
metals, are dissolved by excess of the cyanide. 

Potassium cyanide, KON. — This salt is formed by heat- 
ing organic matter containing nitrogen (refuse animal sub- 
stances) with metallic potassium, and by conducting ammonia 
gas over a mixture of potassium hydroxide or carbonate and 
charcoal heated to a high temperature. The latter method has 
been employed for some time for the technical preparation of 
potassium cyanide. The salt is obtained in pure condition by 
heating together dehydrated potassium ferrocyanide and 
metallic potassium, when this reaction takes place: — 

K4Fe(CN)6 -f- 2 K = 6 KCN -f Fe. 

In practice on the large scale sodium is used instead of 
potassium. 

Potassium cyanide is very easily soluble in water, but is 
easily decomposed by water, the nitrogen passing off in the 
form of ammonia. It is an excellent reducing agent when 
heated in the dry condition (see Exp. 26). 

Among the best-known double cyanides are the two salts, 
potassium ferrocyanide and potassium femcyanide. The former 
is commonly called yelloio prussiate of potash, and the latte\i 
red prussiate of potash. 
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Potassium ferrocyanide, 4 KCN.Pe(CN)2 + 3 H2O.— 
This salt is made on the large scale by melting together, in iron 
vessels, refuse animal substances (i.e., organic matter contain- 
ing nitrogen) with potassium carbonate and iron. The mass is 
treated with water, and the salt which is thus extracted puri- 
fied by crystallization. 

It crystallizes in large yellow crystals, and is soluble in 
about four parts of water at 15°. 

Experiment 24.^ Make a mixture of 8 parts (1608) dehydrated 
potassium ferrocyanide and 3 parts (60k) dry potassium carbonate. 
Fuse in an iron crucible, at a low red heat, until a specimen taken 
out and placed on a stone is white when solid. Then pour out on a 
flat, smooth stone, and afterwards break up and put in a dry bottle. 

When treated with dilute sulphuric acid, the ferrocyanide 
yields hydrocyanic acid thus : — 

2[4 KCN.Fe(CN)2] + 3 H2SO4 

= 6 HCN 4- 2[KCN.Fe(CN)2] 4- 3 K2SO4. 

This reaction is the one actually made use of for the prepara- 
tion of hydrocyanic acid. 

Potassium ferrocyanide is the starting-point for the prepara- 
tion of all compounds containing cyanogen. 

Potassium ferrioyanide, 3 KCN.Pe(CN)8. — This salt, 
known as red prussiate of potash, is prepared by oxidizing the 
ferrocyanide. 

Experiment 25. Dissolve 26b potassium ferrocyanide in 200«5 cold 
water, and add S*'^ ordinary concentrated hydrochloric acid. Into 
this pour slowly a cold solution of 2b of potassium permanganate 
in 300c« water. The oxidation is complete when a drop added to 
ferric chloride gives a brownish-red color, but no precipitate. Neutralize 
with chalk, filter, and evaporate on a water-hath. 

Potassium ferricyanide is easily soluble in water, and crys- 
tallizes from its concentrated solutions in large, dark-red 
crystals, belonging to the rhombic system. 

1 Experiments 24 and 26 may bo postponed until urea is studied, wh^n they may 
be combined with the artificial preparation of urea. 



CYANIC ACID. 83 

In alkaline solutions it is an excellent oxidizing agent. 
Reducing agents, such as hydrogen sulphide, sodium thiosul- 
phate (hyposulphite), etc., convert it into the yellow salt. 

Prussian blue^ TurnhulVs blue, soluble Prussian blue, and Berlin 
green are complex cyanides of iron represented by the formulas 

4 Fe(CN)3.3 Fe(CN)2, 
3 Fe(CN)2.2 Fe(CN)3, 
KCN.Fe(CN)3.Fe(CN)2, 
and Fe3(CN)8 + 4 HgO, respectively. 

For a full account of the many compounds of the metals and 
cyanogeti, the student is referred to larger works. 

Cyanogen chlorides. — When chlorine is allowed to act 
upon cyanides or dilute hydrocyanic acid, a volatile liquid is 
formed which has the composition represented by the formula 
CNCl. It boils at 15.5°, and its vapor acts upon the eyes, 
causing tears. It is known as liquid cyanogen chloride to dis- 
tinguish it from solid cyanogen chloride. The latter has the 
formula (CN)3Cl3, and is formed by treating anhydrous hydro- 
cyanic acid with chlorine in direct sunlight. The liquid variety 
is partially transformed into the solid when kept in sealed 
tubes. 

Similar compounds of cyanogen with bromine and iodine are 
known. 

Cyanic acid, CONH.— When a cyanide of an alkali is 
treated with .an oxidizing agent, it takes up oxygen and is con- 
verted into a cyanate : — 

CNK + O = CONK. 

Experiment 26.^ Heat a mixture of 8 parts (1608) dehydrated 
potassium ferrocyanide, and 3 parts (60k) dry potassium carbonate in an 
iron crucible. When the transformation into the cyanide is complete 
(see Ex. 24, p. 82), take the crucible out of the furnace*, and, a.ttA^ \$. 

See Note, p. 82. 
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has cooled down somewhat, but while the mass is still liquid, add 
gradually 15 parts (3008) red lead, stirring during the operation. Put 
the crucible again in the furnace for a little while ; allow the reduced 
lead to settle, and then pour out the contents on a smooth stone. After 
the mass is cold, break up and extract the cyanate with alcohol (of 86 
per cent). 

Cyanic acid is readily decomposed by water into ammonia 
and carbon dioxide : — 

CONH + H2O = NH3 + CO2. 

The potassium salt is easily soluble in water, but is easily 
decomposed by it, yielding ammonia and potassium carbon- 

fitp* * — — " 

CONK + 2 H2O = KHCO3 + NHg. 

The most interesting salt of cyanic acid is ammonium cyanate^ 
C0JS.NH4. It can be made by adding ammonium sulphate to 
a solution of the potassium salt. It is easily soluble in water ; 
,but, if allowed to stand in solution, or if its solution is heated, 
it is completely transformed into urea^ which is isomeric with it. 
The interest connected with this transformation was referred to 
in the introductory chapter (p. 1). It will be considered more 
f uUy under the head of urea. 

Cyanurio acid, OsNsHsOs. — This acid bears a relation tu 
cyanic acid similar to that which solid cyanogen chloride, 
(CN)3Cl3, bears to the liquid variety. It is made by treating 
the solid chloride with water, and also by heating urea. It is 
a crystallized substance. 

Sulpho-oyanio acid, ONSH.— Just as the cyanides of the 
alkalies take up oxygen and are converted into cyanates, so also 
they take up sulphur and are converted into sulpho-cyanates : — 

CNK + S = CNSK. 

Potaseium 
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Elxperlment 27, Melt together in an iron crucible 17 parts (85k) 
dry potassium carbonate and 32 parts (160K) sulphur, and then add 46 
parts (230«) powdered dehydrated potassium feiTocyanide. Keep the 
mass at a low red heat until the ferrocyanide is destroyed. After 
cooling, extract with water, neutralize the filtered solution with sul- 
phuric acid, evaporate, and separate from potassium sulphate by means 
of alcohol. 

Potassium sulpho-cyanate crystallizes in long striated prisms 
without water of crystallization. It is deliquescent. When 
dissolved in water the temperature sinks markedly. When 100 
parts of water of 10.8° are mixed with 150 paiis of the salt, the 
temperature sinks to — 23.7°. By evaporation of the solution, 
the salt can be recovered. 

Bxperiment 28. Dissolve some potassium sulpho-cyanate in water, 
and note the temperature before and after introducing the salt. 

Ammonium svlpho-cyanate^ CNS.NH^. This salt is most 
easily prepared by treating carbon disulphide with a solution of 
ammonia in dilute alcohol : — 

CS2 + 4 NHs = CNS .NH4 + (NH4)2S. 

Experiment 29. Mix 240<» strong aqueous ammonia, 240cc alcohol, 
and 60« carbon disulphide. Allow the mixture to stand for one or 
more days. Then distil down to one-third of the original volume, and 
Alter while still hot the solution left in the flask. On cooling, ammo- 
nium sulpho-cyanate will crystallize out. 

The salt crystallizes in plates. It melts at 160° (try it), 
and at 170® it is transformed into the isomeric substance known 
as sulpho-urea. (Analogy to transformation of anunonium 
cyanate.) 

Having thus considered some of the more important simpler 
cyanogen compounds, we may now return to the nitrogen deriv- 
atives of the hydrocarbons. For convenience, these may be 
divided into three classes : — 

(1) TJiose which are related to cyanogen; 

(2) Those which are related to ammonia ; 
(B) T^ose which are related to mtric acid. 
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Cyanides. 

Methyl cyanide, OHs.CN.— This compound is formed by 
distilling a mixture of potassium methyl-sulphate and potas- 
sium cyanide : — 

^J^*>S04 + KCN = K2SO4 + CHgCN. 

It is a liquid boiling at 82°. 

According to the method of preparation, it must be regarded 
as an ethereal salt of hydrocyanic acid, containing methyl in the 
place of the potassium of the potassium salt. 

Ethyl cyanide, O2H5.ON.— Formed like the methyl com- 
pound. Also by heating chlor-ethane with potassium cya- 
nide : — 

C2H5CI + KCN = C2H5.CN + KCL 

It is a liquid boiling at 98°. 

The two most characteristic reactions of these cyanides are 
(1) that which is effected by caustic alkalies, and (2) that 
effected by nascent hydrogen. 

Whea.inethyl cyanide is treated with caustic potash, it yields 
acetic acid and ammonia : — 

CH3.CN + H2O + KOH = CH3.CO2K + NH3. 

This reaction is strictly analogous to that which takes place 
with hydrocyanic acid yielding formic acid (see p. 56). In 
the same way ethyl cyanide yields an acid of the formula 
C3H6O2 (or C2H5.CO2H). Thus, by making a cyanide, we have 
it in our power to make an acid containing the same number of 
carbon atoms. 

This reaction, therefore, enables us to pass from an alcohol 
to an acid containing one atom of carbon more than the aloohol 
contains. It has been of great service in the study of the com- 
pounds of carbon. 
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Note for Student. — Show how, by starting with methyl alcohol^ 
acetic acid may be made by passing through the cyanide. 

There are two ways in which the cyanogen group can be 
linked to methyl in methyl cyanide; viz., either by the carbon 
atom, as represented in the formula H3C— C— N, or by the 
nitrogen atom, as represented thus, HgC— N— C. The ease 
with which the nitrogen is separated from the compound, leav- 
ing the two carbon atoms united, as shown in the reaction with 
caustic potash, naturally leads to the conclusion that the for- 
mer view is the correct one. If it is correct, it would appear 
to follow that in potassium cyanide the potassium is in combi- 
nation with carbon as represented in the formula K— C— N, 
and further that in hydrocyanic acid the hydrogen is in combi- 
nation with carbon, as shown thus, H— C— N. 

In consequence of the close relation existing between the 
cyanides and the acids, the former are frequently spoken of as 
the nitriles of the acids. Thus methyl cyanide, which is con- 
verted into acetic acid by boiling with caustic potash, is called 
the nitrile of acetic acid, or aceto-nitrile. In the same way 
hydrocyanic acid itself maj' be regarded as the nitrile of formic 
acid, or formo-nitrlle. 

When methyl cyanide is treated with nascent hydrogen, it is 

converted into a substance which closely resembles ammonia, 

and is known as ethyl-amine. It will be shown to bear to 

( C2H5 
ammonia the relation indicated by the formula N J H ; t.e., it 

(H 
is ammonia in which one hydrogen has been replaced by ethyl. 

The reaction may be represented by the equation : — 

H3C-C-N -I- 4 H = HsC-HgC-NHa or N J h • 

This transformation strengthens the conclusion already reached, 
that the two carbon atoms in methji cyanide are directly united. 
If this were not the case, it is di£Scult to se^\iO^ «w^o\xx^x»A 
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containing eth}! in which the two carbon atoms are unquestion- 
ably united, could be formed so easily from it. 

Just as methyl cyanide yields ethyl-amine when treated with 

nascent hydrogen, so hydrocyanic acid yields methyl-amine 
CH, 



N^H : — 
(H 



H-C-N + 4H = H3C-NH2(orN]H )• 



The amines, or substituted ammonias, will be considered more 
fully hereafter. 

IsocYANroES OR Carbamines. 

If, in making an ethereal salt of hydrocyanic acid from a salt, 
the silver salt is used, a compound is obtained having the same 
composition as the cyanide, but differing very markedly from 
it. The substance thus obtained is called an isocyanide or car- 
bamine. 

Ethyl isocyanide or ethyl carbamine, O2H5.NC. — This 
compound is obtained when silver cyanide and iodo-ethane are 
heated together: — 

C2H5I + AgNC = C2H5NC + Agl. 

It is also formed when chloroform and ethyl-amine (see above) 
ire brought together : — 

(C2H5 
CHCI3 + N j H = C2H5NC + 3HCL 

It is a liquid boiling at 79"^. It is characterized by an nnbear 
able, indescribable odor. The methyl compound obtained by 
the same method boils at 58° to 59°, but otherwise has proper- 
ties almost identical with those of ethyl isocyanide. 
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The reactions of these substances are quite different from 
those of the cyanides. They are decomposed onlj' with great 
difficulty by the caustic alkalies ; but, when brought together 
with hydrochloric acid, thej' undergo an interesting change, 
which may be represented by the following equation for the 
methyl compound: — 

CH3.NC + 2H2O = CHs-NHa + H.CO2H. 

Methyl-amine. Formic acid. 

This reaction indicates that in the isocyanides the cyanogen 
group is united to the radical by means of nitrogen, as repre- 
sented by the formula HgC— N— C. Hence it is, in all proba- 
bility, that when they undergo decomposition the nitrogen 
remains in combination with the radical, while the carbon of 
the cyanogen group passes out of the compound. The conduct 
of ethyl isocyanide is represented by the equation : — 

CjPs.NC -f 2H2O = C2H5-NH2 -f H.CO2H. 

The reactions of the cyanides and of the isocj^anides, and 
the conclusions drawn from them, admirably illustrate the 
methods used in determining the structure of compounds of 
carbon; and they are specially' valuable, as the connection 
between the facts and the conclusions, as expressed in the 
formulas, can "be traced so clearly. 

The fact, that the silver salt of hydrocyanic acid yields iso- 
cyanides, while the potassium and other salts yield cyanides 
with the halogen derivatives of the hydrocarbons, leads to the 
suspicion that in silver cyanide the metal may be in combina- 
tion with nitrogen and not with carbon. There are other facts 
known which indicate a tendency on the part of silver to unite 
with nitrogen in carbon compounds. It would lead too far to 
discuss this subject here. 

It seems possible that isomeric salts of cyanogen may be dis- 
covered corresponding to the cyanides of the radicals and t» l.\i^ 
isocyanide. There is no tact known which m8k<&^ >}cvfo ^^\^V 
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ence of two potassium cyanides and two silver cyanides seem 
improbable. The two series of salts would be derivatives 
of hydrocyanic acid, H— C— N, and isohydrocyanic acid, 
tl-N-C. 

Experiment 30. The odor of the isocyanides, as has been stated, 
is extremely disagreeable, and in concentrated form it is unbearable. 
A vivid impression in regard to this property may be produced by the 
following experiment. In a test-tube bring together a lUtle chloroform, 
aniline, and alcoholic potash. The reaction takes place at once. It is 
better to perform the experiment out-of-doors, and in such a place that 
the tube with its contents can be thrown away without molesting any 
one. The aniline used is a substituted ammonia analogous to methyl- 
amine, containing the radical CgHg in place of methyl. The isGcyanide 
formed has the formula CgHg. NC. 



Cyanates and Isocyanates. 

There are two series of compounds bearing to cyanic acid 
much the same relation as that which the cyanides and isocyan- 
ides bear to hydrocyanic acid. 

In the cyanates, which seem to be formed by passing cyanogen 
chloride into alcoholates (CHgONa-f CNCl=CH30CN-f NaCl), 
the radical is probably united to the cyanogen by means of 
oxygen, as represented in the formula CHg— 0— CN. 

In the isocyanates (first called cyanates) , on . the other hand, 
the radical is believed to be united to the cyanogen by means 
of nitrogen, as represented thus, CHg— N— CO. The isocyan- 
ates are made by distilling potassium cyanate with the potassium 
salt of methyl- or ethyl-sulphuric acid. They can be made also 
by bringing together the iodides of radicals, as iodo-methane 
and silver cyanate. They are very volatile substances, which 
have penetrating and suffocating odors. 

One of the principal reactions of the cyanates is that which 
they undergo with caustic alkalies, hydrochloric acid^etc. They 
^ieIcrcyaSic"acid7anct^^ which 

they^ contained. 
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The isocyanates readily 3'ield substituted ammonias, just as 
the isoeyanides do : — 

CjPs-N-CO + H2O = C2H,.NH2 H- CO2; 
CH3 -N-CO + H2O = CH3.NH2 + CO2. 

The views held in regard to the structure of the cyanates and 
isocyanates are based upon these reactions, which, as will be 
observed, are very similar to those more fully presented in 
discussing the difference between the cyanides and isoeyanides. 

The existence of two cj'anic acids, and of two series of salts 
derived from them, seems probable. 

SULPHO-CYANATES. 

The ethereal salts of sulphocyanic acid are easily made by 
distilling potassium sulphocyanate and the potassium salt of 
methyl- or ethyl-sulphuric acid : — 

^J^>S04 + KSCN = CHgSCN H-^KaSO^. 

The ethyl compound, which is very similar to the methyl com- 
pound, is a liquid boiling at 146°. 

When boiled with nitric acid, it is oxidized to ethyl-sulphonic 
acid. Now, it has been shown above (see p. 77) , that in ethyl- 
sulphonic acid the ethyl in all probability is in combination with 
the sulphur. It hence follows that, in the sulphocyanates 
obtained from potassium sulphocyanate, the radical is also 
in combination with sulphur, as indicated in the formula, 
C2H5— S— CN. This view is supported by the fact that ethyl 
sulpho-cyanate readily yields ethyl sulphide as a product of 
decomposition. 

ISO-SULPHO-CYANATES OR MuSTARD-OlLS. 

A number of compounds are known isomeric with the sulpho- 
cyanates. The best-known member of the class is ordinary 
mustard-oil. Hence they have been called muatard-oxls.^ ^\A 
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they are known most frequently by this name. The mustard^ 
oils are made by means of a series of somewhat complicated 
reactions, which it is rather difficult to interpret without a com- 
parison with some similar reactions which take place between 
simpler substances. 

When dry ammonia and dry carbon dioxide act upon each 
Ooher, so-called anhydrous ammonium carbonate is formed. This 

is really the ammonium salt of carbamic acid, CO < ^^'. Its 

formation is represented thus : — 

^ ONH4 

Now, remembering that carbon disulphide is similar to carbon 
dioxide, and that ethyl-amine is similar to ammonia, we can 
readily understand the reaction which takes place when these 
two substances are brought together : — 

CS2 + 2 NH2C2H5 = CS < ^^^^ 

The product formed is the ethyl-anunonium salt of the add 

NHC^Hg 
CS < g^ , which ma}' be called cthyl-sulpho-citfbainic add. 

When the ethyl-ammonium salt is treated with silver Mtrate, the 

corresponding silver salt, CS<g^^^^='"^ is precipitated. And 

to * 

finally, when this salt is distilled, it breaks up, ytidkig e^ 

7nustard-oil^ silver sulphide, and hydrogen sulphide ^^ 



2 CS < NETC^H, ^ 2 SC-NC,n, + US + A^ 

Ethyl mustard-oil is an oily liquid which does not W wift 
water. It has a very penetrating odor, and acts boa flu 
mucous membranes of the eyes and nose in the sanyi»J« f^'il 
ordinary oil of mustard. The properties of the two arcp"«* 
alike that one could be substituted for the other. 



f 
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Some of the arguments have been stated which lead to the 
view that in the sulpho-cyanates the radical is in combination 
with sulphur. Having once accepted this view, we should 
naturally suspect that in the mustard-oils the radical is in com- 
bination with nitrogen, and the question arises whether the 
reactions of these bodies are of such a character as to justify 
this suspicion ? They certainly are. In the first place, when 
heated with water or with hydrochloric acid, ethyl mustard-oil is 
decomposed, yielding etliyl-amine, carbon dioxide, and hydrogen 
sulphide : — 

SC-NCgHs H- 2 H2O = C2H5.NH2 -f HgS + COg. 

And, in the second place, nascent hydrogen converts it into 
ethyl-amine and formic thioaldehyde (i.e., formic aldehyde in 
which the oxygen has been replaced by sulphur) : — 

SC-NC2H5 -f 4 H = CsHfi.NHg -f H2CS. 

Thus, as will be seen, the tendency of the sulpho-cyanates is to 
yield sulphides of the radicals like ethyl sulphide, (€2115)28; 
the tendency of the iso-sulpho-cyanates is to yield substituted 
ammonias, like ethyl-amine NH2 . C2H5. These facts point to 
the relations expressed in the formulas, R— S— CN for the 
sulpho-cyanates, and R— N— CS for the iso-sulpho-cyanates or 
mustard-oils. 

In reviewing now the compounds of the hydrocarbons which 
are related to cyanogen, we see that there are two isomeric 
series of these, the names and general formulas of which are 
given below : — 

Cyanides, R—C—N . . . Isocyanides or| __ ^ 

Carbamines, ) 
Oyanates, R— 0— CN . . . Isocyanates, R— N— CO. 

•Sulpho-cyanates, R—S—CN . Iso-sulpho-cyan- '^ 

ates or Mus- >-R— N — CS. 
tard-oils. ) 
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Note for Student. — Study these compounds until the exact con- 
nection between the formulas and the facts above stated is clearly 
seen. 

Substituted Ammonias. 

When brom-etbane or any similar substitution-product is 
treated with ammonia, the reactions represented by the follow- 
ing equations take place step by step : — 

C^HsBr + NH3 = NHsCCsH^) . HBr ; 

CgH^Br -f NH2(C2H5) = NH(C2H5)2.HBr ; 
CsH^Br + NH(C2H5)2 = N(C^5)8.HBr; 
CsH^Br + N(C2H5)3 = N(C2H,)4Br. 

The first three products are salts of hydrobromic acid, and 
substances which in all their properties very closely resemble 
ammonia. When these salts are distilled with potassium 
hydroxide they are decomposed, just as ammonium bromide 
would be. Only instead of getting ammonia and potassium 
bromide, we get the compounds e^%?-amme, NH2.C2H5, di-ethyl- 
amine, NH(C2H5)2, and tri-etliyl-amine^ N (02115)3. These 
substances may be regarded as derived from ammonia by the 
replacement of one, two, and three of the hj'drogen atoms 
respectively by ethjl. The last product of the series of reac- 
tions represented above may be regarded as ammonium bromide, 
NH4Br, in which all four hydrogen atoms are replaced by ethyl 
groups. 

The decomposition by potassium hydroxide of the first two 
salts is represented thus : — 

NH2(02H5).HBr + KOH = NH2(02H5) + KBr + H^O ; 
NH(02H5)2.HBr + KOH = NH (02115)2 + KBr + H^O. 

Methyl-amine, NH2.CH3 This compound can be pre- 
pared by treating iodo-methane with ammonia : — 

CH3I + NH3 = NH2OH3 . HI. 
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It was first made by treating methyl isocyanate, CHg— N— CO, 
with caustic potash : — 

CH3-N-CO + H2O = NHa.CHg + CO2. 

It has been stated that it is formed by treating hydrocyanic 
acid with nascent hydrogen : — 

HCN +4H = NHg.CHs. 

It occurs in nature in herring brine, in MercuricUis perennis, 
and is one of the products of the distillation of animal matter 
as well as of wood. 

Methyl-amine is a gas which is easily condensed to a liquid. 
It smells like ammonia. It is, like ammonia, extremely easily 
soluble in water, 1 volume of water at 12.5° taking up 1150 
volumes of the gas. This solution acts almost exactly like a 
solution of ammonia in water. It is strongly alkaline. It pre- 
cipitates the metallic hydroxides, but, unlike ammonia, it does 
not redissolve precipitated hydroxides of nickel, cobalt, and 
cadmium when added in excess. Like ammonia, it dissolves 
aluminium hydroxide. 

Methyl-amine forms salts with acids in the same way that 
ammonia does ; that is, by direct addition. The action towards 
nitric and sulphuric acids takes place in accordance with the 
following equations : — 

NHaCHs + HNOs = NHgCHs.NOg ; 
2 NH2CH3 + H2SO4 = (NH3CH3)2S04. 

These salts are called methyl-ammonium nitrate and methyl- 
ammonium sulphate respectively. 

Di-methyl-amine, NH(OH3)2. — This is formed by heating 
iodo-methane with alcoholic ammonia : — 

2CHaI + 2NH8 = NH(CH3)2.HI -f NHJ. 
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It is formed, together with methyl-amine, as a product of the 
distillation of wood. 

It is a gas which condenses to a liquid at +8^ Its proper- 
ties are much like those of methyl-amine. 

Tri-methyl-amine, N(CH8)8. — Tri-methyl-amine is formed 
as one of the products of the treatment of iodo-methane with 
ammonia. It occurs widely distributed in nature, as in the 
blossoms of the hawthorn, the wild cherry, and the pear. It 
is contained in herring brine, and is a common product of the 
decomposition of organic substances which contain nitrogen. 
It is now obtained in large quantities from the so-called " vin- 
asses." These are the waste liquids obtained in the refining of 
beet sugar. When the " vinasses " are evaporated to dryness^ 
tri-methyl-amine is given off among the volatile products. It 
is collected as the hydrochloric acid salt, N (0113)3 . HCl, which, 
when heated to 260°, yields ammonia, tri-methyl-amine, and 
chlor-methane : — 

3 N (CH3)3. HCl = 2 N (CH3)3 -f NH3 + 3 CH3CI. 

• 

The chlor-methane is utilized for the purpose of producing low 
temperatures. 

Tri-methyl-amine is a liquid boiling at 9° to 10®. It has a 
strong ammoniacal and fishy odor. It is very soluble in water 
and alcohol, and is a strong base. Its use in the preparation of 
potassium carbonate, by the Solvay process, has been suggested. 
In making sodium carbonate from the chloride by this method, 
acid ammonium carbonate is added to the chloride. Thus 
mono-sodium carbonate is precipitated, and ammonium chloride 
is left in solution. But mono-potassium carbonate and ammo- 
nium chloride are about equally soluble, so that potassium car- 
bonate cannot be prepared in the same way. On the other 
hand, if tri-methyl-amine is substituted for ammonia, the sepa- 
ration can be effected, inasmuch as tri-methyl-ammonium chlo- 
ride is more soluble than ammonium chloride. 
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Note for Student. — Write the equations representing the reac- 
tions involved in making potassium carbonate from potassium chloride 
by means of tri-methyl-amine. 

The ethyl-amines are very much like the methyl compounds, 
and hence need not be specially described. 

When tri-ethyl-amine is brought together with iodo-ethane, 
the two unite, forming the compound tetra-ethyl-ammonium 
iodide, N(C2H5)4l, which is ammonium iodide, in which all four 
hydrogen atoms have been replaced by ethyl groups. If silver 
oxide is added to the aqueous solution of the iodide, silver 
iodide is precipitated, and by evaporation of the liquid crystals 
of tetra-ethyl-ammonium hydroxide^ N(C2H5)40H, are obtained. 
^^This is plainly the hypothetical anunonium hydroxide, in which 
<^the four ammonium hydrogens have been replaced by ethyl. 
— Its solution acts almost like caustic potash. It is very caustic, 
attracts carbon dioxide from the air, saponifies (see p. 70) 
ethereal salts, and gives the same precipitates as caustic potash. 
The reactions of the substituted ammonias above described 
make it certain that these bodies are very closely related to 
ammonia. The methods of formation also point clearlj' to the 
sam^ conclusion. This relation is best expressed by the form- 
ulas above given. 

Another method for the formation of substituted ammonias 
in which but one radical is present, as ethyl-amine, NH2.C2H5, 
or in general NH2 . R, consists in treating with nascent hydro- 
gen compounds known as nitro compounds^ which are substi- 
tution-products containing the group NO2 in the place of 
hydrogen. Thus, for example, when nitro-methane, CHg . NOj 
(which see), is treated with hydrogen, the reactioD which takes 
place is represented thue : — 

CHs.NOa -f- 6H = CHs.NHg + 2 HgO. 



In connection with another >efi^§)lt li«ill,,be end^ that this 
reaction is a most importaivt, ohe, from a -practical ^ well as 
a scientific point of view. / 16 may We said \u ^Xk^^v^^i."^^ ^^ 
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the manufacture of aniline, and consequently of all the manj 
valuable dye-stuffs related to aniline, is based upon this reac- 
tion. 

Just as we may look upon methyl-amine and the related com- 
pounds, as ammonia, in which one hydrogen atom is replaced by 
methyl, so also we may regard them, and with equal right,' as 
marsh gas, in which hydrogen has been replaced by the group oi 
residue NHg. Owing to the frequency of the occurrence of this 
group in carbon compounds, and for the sake of simplifying the 
nomenclature, the group has been called the amide or amido 
group, and tiie bodies containing it amido -compounds. Thus 
the compound NHg . C2H5 may be called either ethyl-amine or 
amido-ethane^ etc. 

Similarly, those bodies which contain two hydrocarbon resi- 
dues, as di-ethyl-amine, NH (€2115)2, are calletl imido-compounds, 
and the group NH the imide or imido group. Substituted 
ammonias containing one hydrocarbon residue are called pri- 
mary ammonia bases. Those containing two residues, as di- 
ethyl-amine, NH (€2113)2, are known as secondary ammonia 
hases^ and those containing three residues, as tri-ethyl-amine, 
N(€H3)s, are called tertiary ammonia bases. 

Ampng the most important of the reactions of amido-com- 
pounds or primary bases is that which takes place when they 
are treated with nitrous acid. Take ethyl-amine as an illustra- 
tion. In order to understand what takes place when this 
compound is treated with nitrous acid, it is necessary to keep 
in mind the fact that the compound itself is a modified ammo< 
nia, and hence we may expect that its reactions will be but 
modifications of those which take place with ammonia. . Thus 
with nitrous acid ammonia unites directly to form anunonimn 
nitrite: — 

NHg + HNO2 = NH4.NO2. 

So also ethyl-amine forms ethyl-ammonium nitrite : — 

NH2.C2H5 + HNO2 = NH3(€2H5).NO,. 
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Now we know that ammonium nitrite breaks up readily into 
free nitrogen and water : — 

NH,.N02 = N2 + H2O + H2O. 

So also ethyl-ammonium nitrite breaks up into free nitrogen, 
water, and alcohol : — 

NH3(C2H5)N02 = N2 + H2O + C2H«.0H. 

The two reactions are strictly analogous. As in the second case 
we start with a substituted ammonia, we get as a product a 
substituted water or alcohol. 

This reaction has been used very extensively in the prepara- 
tion of bodies containing hydroxyl. For ordinary alcohol, as 
is clear, it is not a convenient method of preparation ; but it 
will be shown that^here are hydroxides for the preparation of 
which it is by far the most convenient method. The essential 
character of the transformation effected b}- it will be best under- 
stood by comparing the formulas of the amide and the alcohol. 
We have ethyl-amine, C2H5 . NHg, and from it we get aclcohol, 
C2H5.OH. Thus we see that the transformation consists in 
replacing the amido-group by hydroxjl. 

Hydrazine Compounds. 

There is an important class of compounds, the members of 
which bear the same relation to the compound hydrazine, N'2H4 
(H2N — NH2), that the substituted ammonias bear to ammonia. 
The reactions by which they are prepared are somewhat com- 
plicated, and cannot well be discussed at this stage. The best- 
known hydrazines are those related to the hydrocarbons of the 
benzene series, as, for example, phenylhydrazine, CeH^.NH.NHg. 

NiTRO-COMPOUNDS . 

Reference has already been made to a class of bodies con- . 
taining the group NO2, and known as nitro-compouuds* T\y&^ 
are moat readily made by treating the bjdtocMiYwwi&^V^'Mtat^^ 
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acid. This method, however, is not applicable to the hydro- 
carbons methane and ethane and their homologues, as these can 
be treated with nitric acid without undergoing change. The 
hydrocarbon Jbenzene, CgHg, is acted upon very easil}'' by nitric 
acid, when the reaction represented by the following equation 
takes place : — 

CeHg + HO.NO2 = CgHfi.NOa + H2O. 

The action is like that which takes place between sulphuric 
acid and benzene, which gives the sulphonic acid C6H5.SO2OH 

C H 

or ^(^>^^2' (Seep. 76.) In each case a hydroxyl of the 

acid is replaced by the simple residue of the hydrocarbon. The 
product in the case of the dibasic acid, sulphuric acid, is itself 
still acid, while the product in the case of the monobasic nitric 
acid, is not an acid. 

The nitro-derivatives of methane have been made by a reac- 
tion which we should expect to yield ethereal salts of nitrous 
acid ; namely, by treating iodo-methane or ethane with silver 
nitrite : ^- 

CH3I + AgNOa = CH3NO2 + Agl. , 

/ 

ff 

The compound CH3.NO2, which is known as nitro-metha)fe, 
does not conduct itself like the ethereal salts of nitrous acM* 
The latter are unstable bodies, while the former is stable. 

Note for Student; — Compare the reaction just referred to \^th 
that which takes place between silver cyanide and iodo-methane ; 
that which takes place between iodo-ethane and potassium sulplfdte. 
What analogy is there to the former and to the latter? 

It has already been stated that the nitro-derivatives are 
verted by nascent hydrogen into the corresponding am|ido- 
derivatives (see p. 97). 

Note for Student. — Write the equations representing the 
tions necessary to convert methyl alcohol into methyl-amine by 
of the mtro-compound. 
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Nitrofonn, CH(N02)3) as the formula indicates, is the tri- 
nitro-derivative of methane, or tri-nitro-methane. It is con- 
verted into tetra-nitro-methane^ C(N02)4, when treated with a 
mixture of concentrated sulphuric and fuming nitric acids. 

Nitro-chlorofomi, 0(NO2)Cl3, called also chlorpicrin and 
nitrO'trichlormethane^ is formed by distilling methyl or ethy] 
alcohol with common salt, saltpetre, and sulphuric acid. It is 
formed from a number of more complicated nitro-compounds, 
by distilling them with bleaching lime or hydrochloric acid and 
potassium chlorate. 

NrrROSo- and Isonitroso-Compounds. 

When a compound containing the group CH is treated with 
nitrous acid, a reaction takes place, which is represented thus : — 

R3.CH + HO. NO = R3.C.NO + H2O. 

The product Rg.C.NO, which is derived from the original sub- 
stance by the substitution of the group NO for a hydrogen 
atom, is called a nitroso-compound. By oxidation the nitroso- 
compounds are converted into nitro-compounds, and by reduc- 
tion they yield the same products as the corresponding . nitro- 
compounds. 

The isonitroso-compounds are isomeric with the nitron-com- 
pounds. They are formed when acetones or aldehydes are 
treated with hydroxy lamine, NH2.OH. The reaction may be 
represented thus : — 

CHg CH3 

I I 

CO -f H2N.OH = C-N-OH + H2O. 

I I 

CH3 CH3 

The hj'drogen of the hydroxyl has acid properties. The 
isonitroso-compounds are readily broken up, yielding^ as ovvo. 
of the products, hydroxy lamine. They axe g^^iiet^J^^ ^^^^ 
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Fulminio acid, ONOH, according to recent investiga- 
tions, appears to be an isonitroso-corapound, and for that 
reason finds appropriate mention in this place. The principal 
compound of fulminic acid, is the mercury salt, C2N202Hg, 
commonly known as fulminating mercury. It is prepared by 
dissolving mercury in strong nitric acid, and adding alcohol .to 
the solution. It is extremely explosive. Mixed with potassium 
nitrate it is used for filling percussion-caps. 

When fulminating mercury is treated with concentrated hydro- 
chloric acid, it yields hydroxylamine as one of the products of 
decomposition. This is regarded as evidence that fulminic acid 
is an isonitroso-compound. As will be seen, fulminic acid is 
isomeric with cyanic and cyanuric acids (see pp. 83 and 84) . 
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CHAPTER Vn. 

DBRIVATIVBS OP METHANE AND ETHANE CON- 
TAINING PHOSPHORUS, ARSENIC, ETC. 

PhosphoruB compounds.— Corresponding to the amines or 
substituted ammonias are the phosphines, which, as the name 
implies, are related to phosphine, PHg. Methjl-phosphine, 
PH2.CH3, di-methyl-phosphine, PH(CH3)2, and tri-methyl- 
phosphine, P(CH8)8, may be taken as examples. 

These substanoee, like the corresponding amines, form salts 
with acids, though not as readily. The hydroxide, tetra-ethyl- 
phosphonium hydroxide^ P(C2H5)4.0H, is a very strong base, 
though not as strong as the corresponding nitrogen derivative. 

The phosphines have one marked property which distin- 
guishes them from the amines, and that is their power to take 
up oxygen and form acids. Thus, ethyl-phosphine, PH2.C2H5, 
when treated with nitric acid, is converted into ethyl-phos- 
pJiinic add^ PO(C2H5) (OH) 2, a dibasic acid, bearing to phos- 
phoric acid the same relation that the sulphonic acids bear to 
sulphuric acid. 

Note for Student. — What Is the relation? What other class of 
acids bears the same relation to carbonic acid? 

Di-ethyl-phosphine, PH(C2H5)2, yields di-ethyl-pTioaphinic acid, 
PO(C2H5)2.0H, when oxidized. 

These compounds are not commonly met with, and do not 
play a very important part in the study of the compounds of 
carbon. 

» 

Arsenic compounds. — The most characteristic carbon 
compound containing arsenic is that wMch ia kuo^ii «^^ cafio^-vjl. 
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a name given to it on account of its extremely disagreeable 
odor (from KaKwSiys, stinking) , It is prepared by distilling a mix- 
ture of potassium acetate and arsenic trioxide. The reactions 
which take place are very complicated, and many products are 
formed. Chief among the products is cacodyl oxide : — 

4 CHg.COgK + AsA = [(CH8)2As]20 + 2 KaCOg + 2 COg. 

When treated with hydrochloric acid, the oxide is converted 
into the chloride (CH3)2AsCl ; and, when the chloride is treated 
with zinc, cacodyl itself is produced. ' Its analj'sis and the 
determination of its molecular weight lead to the formula 
As2C4Hia, which in all probability should be represented thus: 

J ^j^^ I . Cacodyl appears thus as a compound analogous 

to the hj'^drazines referred to above. (See p. 99.) 

Note for Student. — In what does the analogy consist? 

Many derivatives of cacod3'l have been made, but their study 
would hardly be profitable at this stage. 

By treating the chlorides of silicon, boron, and many of the 
metals with zinc ethyl, Zn(C2H5)2, many similar ethyl deriva- 
tives have been made. 

Zinc ethyl itself is made by treating iodo-ethane, C2H5I, 
with zinc alone or with zinc sodium : — 

ZnNag + 2 C2HJ = Zn(C2H5)2 + 2 Nal. 

It is a liquid boiling at 118°. It takes fire in the air, and burns 
with a white flame. 

Sodium-ethyl, OaHsNa, can be obtained in combination 
with zinc ethyl by treating the latter with sodium. Both these 
compounds have been used to a considerable extent in the syn- 
thesis of carbon compounds, particularly the more complex 
hydrocarbons, and they will be frequently referred to in the 
following pages. 
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Note for Student. — What is formed when sodium methyl and 
carbon dioxide are allowed to act upon each other? 

Many of the derivatives, like the above, are volatile liquids. 
Such, for example, are mercury ethyl, Hg (€2115)2, aluminium 
ethj'l, Al(C2Hfi)8, tin tetrethyl, Sn (€2115)4, and silicon tetrethyl, 
Si (€21X5)4. The study of these compounds has been of assist- 
ance in enabling chemists to determine the atomic weights of 
some of the elements which do not form simple volatile 
compounds. 

Retrospect. 

In the introductory chapter (p. 19) these words were used in 
describing the plan to be followed: "Of the first series of 
hydrocarbons two members will be considered. Then the de- 
rivatives of these two will be taken up. These derivatives will 
serve admirably as representatives of the corresponding deriva- 
tives of other hydrocarbons of the same series and of other 
series. Their characteristics and their relations to the hydro- 
carbons will be dwelt upon, as well as their relations to each 
other. Thus, by a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of 
the principal classes of the compounds of carbon. After these 
typical derivatives have been considered, the entire series of 
hj'drocarbons will be taken up briefly^ onl}^ such facts being 
dealt with at all fully as are not illustrated by the first two 
members." 

In accordance with the plan thus sketched we have thus far 
studied the principal derivatives of the two hydrocarbons, 
methane and ethane, so far as these derivatives represent dis- 
tinct classes of compounds. These derivatives were classified 
first into (1) those containing halogens ; (2) those containing 
ox3'gen ; (3) those containing sulphur ; and (4) those contain- 
ing nitrogen. On examining each of these classes more closely, 
we found that the halogen derivatives, such as c.\iloT-\xvQX}tvaxi^^ 
brom-etbsne, etc., bear very simple relatione \/c> ^«^e)a. Q.>QDfix 
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We found that under the head of oxygen derivatives, the most 
important and most distinctly characteristic derivatives of 
hydro-carbons are met with ; as, the alcohols^ ethers^ aldehydes^ 
acids, ethereal - salts, and ketones. The sulphur derivatives, 
some of which closelj- resemble the oxygen derivatives, include 
the sulphur alcohols or mercaptans, sulphur ethers, and stdphonic 
adds. 

On beginning the consideration of the nitrogen derivatives 
we found it desirable first to take up certain derivatives con- 
taining the cyanogen group, amo'ng which are cyanogen, hydro- 
cyanic acid, cyanic acid, and sulphocyanic acid. Many interest- 
ing carbon compounds are closely related to these fundamental 
compounds. Such, for example, are the cyanides and isocy- 
anides, the cyanates and isocyanates, the sulpho-cyanates and 
iso-sulphO'Cyanaies or mustard-oils. Following the compounds 
related to cyanogen, we took up the interesting compounds 
which are related to ammonia, the substituted ammoniac or 
amines. Then came the nitro-derivatives ; and, finally, the 
compounds of the hydrocarbon residues or radicals with metals. 

It is of the greatest importance that the student should 
master the preceding portion of this book. If he studies 
carefully the reactions that have been treated of, which are 
statements in chemical language that tell us the conduct of 
the various classes of derivatives, and if he performs the ex- 
periments which have been described, he will have a fair general 
knowledge of the kinds of relations which are met with in con- 
nection with the compounds of carbon through the whole field. 
As stated in the Introduction : " If we know what derivatives 
' one hydrocarbon can yield, we know what derivatives we may 
expect to find in the case of every other hydrocarbon." 

The more the student practises the use of the equations thus 
far given, the better he will be prepared to follow the remain- 
ing portions of the book. Indeed, it may be said that, if he 
thoroughly understands what has gone before, what follows will 
appear extremely simple. Whereas, if he has failed at any 
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point to catch the exact meaning, if he has failed to see the 
connection, he had better go back and faithfully review, or he 
will soon find his mind hopelessly muddled, and relations which 
are as clear as day will be concealed from him. • 

A very excellent practice is to trace connections between the 
different classes of compounds, and show how to pass from one 
to the other. Thus, for example, (1) show by what reactions 
it is possible to pass from marsh gas to acetic acid. ' (2) How 
can we pass from ordinary alcohol to ethylidene chloride, 
CHg.CHCla? (3) What reactions would enable us to make 
methyl-amine from its elements? (4) How can acetone be 
made from methyl-amine? (5) What reactions are necessary in 
order to make ordinary ether from ethyl-amine ? etc. , etc. It 
is well in this sort of practice to select what appear to be the 
least closely-related compounds, and to show then how we can 
pass from one to the other. Be sure to select representatives 
of all the classes hitherto mentioned, and to bring in all the 
important reactions. 



CHAPTER VIII. 

THE HYDROCARBONS OP THE MARSH-GAS 
SERIES, OR PARAFFINS. 

The existence of the homologous series of hydrocarbons be- 
ginning with methane and ethane was spoken of before its first 
two members were considered. A general idea of the extent 
of the series, and of the names used to designate the members, 
may be gained from the following table : — 



MARSH-GAS HYDROCARBONS. 

Paraffins. - 



Hydrocarbons, CnH2n+2' 

Boiling-Point. 



Methane 

Ethane . 

Propane 

Butane . 

Pentane 

Hexane 

Heptane 

Octane . 

Nonane 

Dodecane 

Hecdecane 



The explanation of the remarkable relation in composition 

existing between these members, a relation to which the name 

homology is given, has already been referred to (p. 22) . The 

number of hydrogen atoms contained m a. \xiember of this series 



CH4 . 


. . gas. 


C'2Hg 


. . gas. 


^3^8 


. . gas. 


C4H10 


. . r. 


^5"^U 


. . 37^ 


^6"-U 


. . 69°. 


QHw • 


. 98^ 


^8-"18 


. 125^ 


^9H2o 


. 150°. 


^12-H26 • 


. 214°. 


C16II34 • 


. 287°. 
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bears a constant relation to the number of carbon atoms, as 
expressed in the general formula CnH2„+2- On examining the 
column headed " Boiling Point " it will be seen that, as we pass 
upward in the series, the boiling-point becomes higher and higher. 
The first three members are gases at ordinary temperatures, 
while the last boils at 287°. The elevation in the boiling-point 
is to some extent regular, as will be observed. The difference 
between butane, C4H10, and pentane, C5H12, is 37 — 1 = 36° ; 
that between pentane and the next member is 69 — 37 = 32° ; 
between hexane and heptane it is 98 — 69 = 29° ; between 
heptane and octane, 125 — 98 = 27° ; and, finally, between 
octane and nonane the difference is 150 — 125 = 25°, Thus it 
will be seen that the elevation in boiling-point caused by the 
addition of CH2 decreases as we pass upward in the series. 
Other relations have been pointed out, but it would be prema- 
ture to discuss them here. 

The chief natural source of the paraflSins is petroleum ; but 
although this substance, which occurs in such enormous quanti- 
ties in nature, undoubtedly contains a number of the members 
of the paraffin series, it is an extremely difficult matter to 
isolate them from the mixture. Prolonged fractional distilla- 
tion is not sufficient for the purpose. If, however, some of the 
purest products which can thus be obtained are treated with 
concentrated sulphuric acid, and afterwards with concentrated 
nitric acid, and then washed and redistilled, they can be 
obtained in pure condition. 

Petroleum. — Petroleum occurs in enormous quantities in 
several places. Among the most important localities are 
Pennsylvania, the Crimea, the Caucasus, Persia, Burmah, 
China, etc. In some places it issues constantly from the 
earth. Usually it is necessary to bore for it. When one of 
the cavities in which it is contained is punctured, the oil 
is forced out of a pipe inserted into the opening in a jet, in 
consequence of the pressure exerted upon \ls» %\x\i^^^. ka» 
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first obtained, it is usually a dark, yellowish-green liquid, with 
an unpleasant odor. It varies in appearance according to the 
place in which it is found. American petroleum contains the 
lowest members of the paraffin series ; and when the oil is 
exposed to the air the gases are given off. 

Refining of petroleum. To render petroleum fit for use in 
lamps, it is necessary that the volatile portions should be 
removed, as they form explosive mixtures with air, just as 
marsh gas does. It is also necessary to remove the higher 
boiling portions, because they are semi-solid, and would clog 
the wicks of the lamps. The crude oil is therefore subjected to 
distillation, and only those pai*ts which have a certain specific 
gravity or boil between certain points are used for illuminatiDg 
purposes, under the name of kerosene. Besides. being distilled, 
the oil must further be treated with concentrated sulphuric 
acid, which removes a number of undesirable substances, and 
afterwards with an alkali, and then with water. All these 
processes taken together constitute what is called the refining 
of petroleum. In the distillation, the lighter products are 
usually divided into several parts, according to the specific 
gravity or boiling-point. Thus we have the products cymogene, 
rhigolene^ gasoline, naphtha, and benzine, all of which are 
lighter than kerosene. It must be distinctly understood that 
the substances here mentioned are not pure chemical indi- 
viduals. The names are commercial names, each of which 
applies to a complex mixture of hydrocarbons. From tiie 
heavier products, that is, those that boil at higher tempera- 
tures than the highest limit for kerosene, paraffin, which is a 
mixture of the highest members of this series, is made. 

Owing to the danger attendant upon the use of improperly 
refined petroleum, laws have been enacted relating to the 
properties which the kerosene exposed for sale must have. 
These laws, which differ somewhat in different countries and 
different parts of the same country, relate mostly to what is 
sailed the flashing-point. This is the temperature to which the 
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oil must be heated before it takes fire when a flame is applied 
to it. The legal flashing-point in many parts of the United 
States is 44°. A simple and accurate instrument for deter- 
mining the flashing-point is here described: The cylinder A 
is at least 2.5^ in diameter, and at least 16*^ long. Just 
within the cork the bent tube contracts 
to a small orifice. At d it is connected 
with a hand-bellows or a gas-holder ; and ^|j^ 
the flow of air is controlled by a pinch- 
cock. The cylinder is filled with oil to 
a point such that, when the air is run- 
ning, the surface of the foam is about 
5*^ from the top; and it is then put 
in a water-bath to the level of the oil. 
Air is now passed through dcb^ and e so -^ 
adjusted that about 0.5*™ foam is kept 
on the surface of the oil. From degree to degree the test is 
made by bringing a small flame for an instant to the mouth of 
A. At the flashing-point the vapor ignites, and the bluish flame 
runs down to the surface of the oil. 



Fig. 9. 



Bxperiment Bl. Make an apparatus like the above, and determine 
the flashing-points of two or three specimens of kerosene that may be 
available. 



Synthesis of the parafllns. — Although the paraffins occur 
in nature, and a few of them can be obtained in pure condition 
from natural sources, we are dependent upon synthetical oper- 
ations performed in the laboratory for our knowledge of the 
series and the relations existing between them. 

We have already seen how ethane can be prepared from 
methane by treating methyl iodide with zinc or sodium, as 
represented in this equation : — 

CH3I + CH3I -f 2 Na = CaHe + 2 NaT. 
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This method has been extensively used in the building up o£ 
higher members of the series. Thus from ethane we can make 
ethyl iodide, and by treating this with sodium get butane 

C2H5I + C2HJ 4- 2 Na = C4H10 + 2 Nal. 

But we can get the intermediate member, propane, CgHg, by 
mixing methyl iodide and ethyl iodide and treating the mixture 
with sodium : — 

CHgl + C2H5I + 2 Na = CH3 .C2H5 + 2 Nal. 

By applying this method, it is plain that a large number of the 
members of the paraffin series might be made. 

Another method consists in treating the zinc compounds of 
the radicals, like zinc eth3'l, Zn (€2115)2, with the iodides of rad- 
icals. Thus zinc methyl and methyl iodide give ethane ; zinc 
ethyl and ethyl iodide give butane ; zinc ethyl and methyl 
iodide give propane, etc. : — 

Zn(CH3)2 + 2 CHgl = 2 C2H6 + Znlj; 
Zn(C2H5)2 + 2 C2HJ = 2 C4H10 + Znlj ; 
Zn(C2H,)2 + 2 CH3I = 2 CgHg 4- Znl^. 

Paraffins can be made by replacing the halogen in a substitu- 
tion-product by hydrogen. This can be effected by nascent 
hydrogen or by hydriodic acid : — 

C4HJ -f- 2 H = C4H10 + HI. 

Finally, the paraffins can be made by heating the acids of the 
formic acid series with an alkali. This has been illustrated by 
the preparation of marsh gas from acetic acid by heating with 
lime and caustic potash. The reaction may be written thus : — 

CH3.CO2K + KOH = CH4 + COgKa. 
The products are a hydrocarbon and a carbonate. 
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Isomerism amongr the paraffins. — It has already been 
stated that the evidence is almost conclusive that each of the 
four hydrogen atoms of marsh gas bears the same relation to the 
carbon, and hence we believe that, as regards the nature of the 
product, it makes no difference which hydrogen atom is replaced 
by a given atom or radical. According to this, as ethane is the 
methyl derivative of marsh gas, it makes no difference which of 
the hydrogen atoms of marsh gas is replaced by the methj-l, the 
product must always be the same, or there is but one ethane 

possible aecording to the theory. This is represented by the 

H H 

i i 
formula, H — C — C — H, or H3C — CHj. In ethane, as well as in 

H H 
methane, all the hydrogen atoms bear the same relation to 

the molecule, and it should make no difference which one is 

replaced by methyl. But propane is regarded as derived from 

ethane by the substitution of methyl for hydrogen ; and, as it 

makes no difference which hydrogen is replaced, there is but 

one propane possible. Only one has ever been discovered, and 

this must be represented thus : — 

H H H 
I I I 
H-C-C-C-H, or CH3.CH2.CH8. 

I I I 
H H H 

Now, continuing the process of substitution of methyl for h3'dro- 

gen, it appears that the theory indicates the possibilit}' of the 

existence of two compounds of the formula C4H10. One of 

these should be obtained by replacing by methyl one of the three 

hydrogens of either methyl group of propane. It is represented 

by the formula : — 

H H H H 
I I I I 
H-C-C-C-C-H, or H5,C.CH^.CRc,iCTLv 

/ / / I 

H H 11 n 
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The other should be obtained by replacing by methj-l one of the 
two hydrogens of the group CHj contained in propane. This 
would give a hydrocarbon of the formula : — 

n H H CH3 

III I 

H - C - C - C - H, or CHa - CH - CH3. 
I I I 

H C H 

H H H 

The theory then indicates the existence of two butanes. How 
about the facts ? Two, and onlj* two butanes have been discov- 
ered. The first, which occurs in American petroleum, has been 
made sj'nthetically by treating ethyl iodide with zinc : — 

2CH3.CH2I -f Zn = CH8.CH2.CH2.CH3 + Znlg. 

The method of synthesis clearly shows which of the two possi- 
ble isomerides the product is. It is known as normal butajie. 
It is a gas which can be condensed to a liquid at 4-1°- 

The second, or isobutane, is made from an alcohol which 

will be shown to have the structure represented by the formula 
CH3 

CH3 _ c — OH (see Tertiary Butyl Alcohol, p. 124) , by replacing 

CH3 
the hydroxyl by hydrogen. It is a gas which becomes liquid 
at -17°. 

The differences between the two butanes are observed princi- 
pally in their derivatives. 

Applying the same method of consideration to the next 
member of the series, how many isomeric varieties of pentane, 
C5H12, may we expect to find ? The question resolves itself into 
a determination of the number of kinds of hydrogen atoms con- 
tained in the two butanes, or the number of relations to the 
molecule represented among the hydrogen atoms of the butanes. 
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We can make this determination best by examining the struc- 
tural formulas. Take first normal butane : — 

H H H H 

I I I I 

H-C-C-C~C-H. 

I I I I 
H H H H 

In this there are plainly' two different relations represented ; 
viz., that of each of the six hydrogens in the two methyl groups, 
and that of each of the four hydrogens of the two CH2 groups. 
The two possible methyl derivatives of a hydrocarbon of this 
formula are therefore to be represented thus : — 

and HsC.CHg .CH < ^ JJ«. (2) 

CH. 
I ' 
Now, taking isobutane, HC — CHg, we see that it consists of 

CH3 
three methyl groups, giving nine hydrogen atoms of the same 

kind, and one CH group, the hydrogen of which bears a dif- 
ferent relation to the molecule from that which the other nine 
do. There are therefore two possible methyl derivatives of 
isobutane which must be represented thus : — 

CH3 CHg 

I I 

HC-CHj.CHj (3), and HgC - C - CH,. (4) 

I. I 

CHg CHg 

We have, therefore, apparently four pentanes. But on compar- 
ing formulas (2) and (3) , it will be seen that, though written a 
little differently, they really represent one and the same com- 
pound. Thus the number of pentanes, the existence of which 
is indicated by the theory, is three, and these are represented 
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by formulas (1), (2), and (4). Tliey are all known. The 
first is called normal pentane, the second iso-pentane or 
di-methyl-ethyl-methane, and the third tetra-methyl-me- 
thane. 

It would lead too far to discuss all the methods of prepara- 
tion and the properties of these hydrocarbons. It will be seen 
that the methods of preparation show what the structure of a 
hydrocarbon is. Di-meth3i-e thy 1-me thane is made from an 
alcohol which can be shown to have the formula 

'^^«>CH.iDH2.CHaOH, 

by replacing the hj^droxyl by hydrogen. Hence its structure is 
that represented above by formulas (2) and (3) . 

Tetra-methyl-methane is made hy starting with acetone. 
Acetone has been shown to consist of carbonyl io combina- 
tion with two methyl groups, as represented in the formula 
CHg— CO— CHg. It has also been shown that, by treating 
acetone with phosphorus pentachloride, the oxygen is replaced 
by chlorine, giving a compound of the formula CHs— CCI2— CHg. 
Now, b}' treating this chloride with zinc-methyl, the chlorine is 

replaced by methyl thus : — 

CH3 

I 

CHa-CCla-CHs + ZniCE.^)^ = CH3-C-CH3 4- ZnCl^. 

I 

CH3 

The product is tetra-methyl-methane, and the synthesis thus 
effected shows at once what the structure of the product is. 

Hexanes. — The student will now be prepared to apply the 

theory to the determination of the number of hexanes possible. 

He will find that there are five. The theory is, in this case as in 

the preceding, in perfect accordance with the facts. There are 

live and only five hexanes known. OiA^ \iiei u^wiiskea and formu- 

las of these will be given here : — 
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1. Normal hexane, CHj.CHa.CHa.CHg.CHa.CHg. 

2. Iso-hexane, CH8.CH2.CH2.CH< 

3. Methyl-di-ethyl-methane,CH8.CH< ^"^'^^^ 



CH3 



CH3 

(^1^12 •vy-tLj 

CH2«CH3 



4. Tetra-methyl-ethane. ^'S>HC-CH<^^». 

■H.3C CH3 

CH, 
I 

5. Tri-methyl-ethyl-methane, HgC— C— CHs-CHg. 

I 
CH3 

Passing upward, we find that nine heptanes are possible 
according to the theory, while but five have thus far been 
discovered ; and that, while theory indicates the possibility of 
the discovery of eighteen hydrocarbons of the formula CgHig, but 
two are known. The theoretical number of isomeric varieties 
of the highest members of the series is very great, but our 
knowledge in regard to these highest members is very limited, 
and it is impossible to say whether the theory will ever be 
confirmed by facts. It may be that there is some law limiting 
the number of complicated hydi'ocarbons. It is, however, idle 
to speculate upon the subject at present. It is well for us to 
keep in mind that a thorough knowledge of a few of the simplest 
members of the series is all that is necessar}' for the present. 

On examining the formulas used to express the structure of 
the hydrocarbons, we find that they can be divided into three 
classes : — 

(1) Those in which there is no carbon atom in combination 
with more than two others ; as, — 

Propane .... CH3.CH2.CH3; 
Normal butane . . CHg . CH2 . CH, . CH3 ; 
Normal pentane . CH3.CH2.CH.2.CH2.CH3; 
and Normal hexane . . CHg .CH2 .CH^ .CR^ .CJR^.^'^^. 
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(2) Those in which there is at least one carbon atom in 
combination with three others ; as, — 

Isobutane .... CHg .CH < ^^« ; 

CHg 

Isopentane . . . CH8.CH2.CH<^^«; 

CH3 

Isohexane . . . . CHg .CH2 .CH2 .CH < ^^» ; 

and Tetra-methvl-ethane, ^»^ > CH - CH < ^^». 

HsC CHg 

(3) Those in which there is at least one carbon atom in 
combination "with four others; as,— 



Tetra-methyl- 
methane 



CHs 

I 



} . . CH3-C-CH8; 



I 
CHs 

CHs 

Tri.methyl-ethylO ' 

methane j ' ^2H5-C-CHs. 

I 
CHs 

The members of the first class are called normal paraffins; 
those of the second class, iso-paraffins; and those of the third 
class, neo-paraffins. 

Only the members of the same class are strictly comparable 
with each other. Thus it has been found that the boiling-points 
of the normal hydrocarbons bear simple relations to each other, 
and that the same is true of the iso-parafi9ns ; but, on compar- 
ing the boiling-points and other physical properties of normal 
paraffins with those of the iso- or neo-paraffins, no such simple 
relations are observed. 
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Regarding the names of the paraffins, the simplest nomen> 
clature in use is that according to which the hydrocarbons are 
all regarded as derivatives of methane. Thus we get thie 



name ethyl-methane for propane, C 



for isobutane, C 



CaHg 
H 
H 
H 



; tri-methyl-methane 



CH3 

^Z* ; tetra-methyl-methane, C ^ 



CHg 

CHa 
CH3 
CH, 



, etc. 



CHAPTER IX. 

OXYGEN DERIVATIVES OF THE HIGHER MEM- 
BERS OF THE PARAFFIN SERIES. 

We are now to take up the derivatives of the higher mem- 
bers of the paraffin series, just as we took up the derivatives of 
methane and ethane. Not much need be said in regard to the 
halogen derivatives. A few of them will be mentioned in con- 
nection with the corresponding alcohols. The chief substances 
which will require attention are the alcohols and acids. 

1. Alcohols. 

Normal propyl alcohol, C3H7.OH. — When sugar under- 
goes fermentation, a little propyl alcohol is alwa3's formed, and 
is contained in the " fusel oil." From this it can be separated 
by treating those portions which boil between 85° and 110° 
with phosphorus and bromine. The bromides of the alcohols 
present are thus formed (what is the reaction ?) , and these are 
separated by fractional distillation. The bromide correspond- 
ing to propyl alcohol is then converted into the alcohol (liow 
can this be done ?) . 

It is a colorless liquid with a pleasant odor. It boils at 97° 
(compare with the boiling-points of methyl and ethyl alcohol) . 
It conducts itself almost exactly like the first two members of 
the series. By oxidation it is converted into an aldeh3de, 
CglleO, and an acid, CsIIcO^, which bear to it the same relations 
that acetic aldehyde and acetic acid bear to ethyl alcohol. 

Secondary propyl or isopropyl alcohol, C3H7.OH. — 
The reasons for regarding the a\co\io\^ vv.a hcjdroxyl derivatives 
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of the hydrocarbons have been given pretty fully. As the six 
hydrogen atoms of ethane are all of the same kind, but one 
ethyl alcohol appears to be possible and only one is known. 
But just as there are two butanes or methyl derivatives of pro- 
pane, so there are two hydroxyl derivatives of propane ; or, in 
otlier words, two propyl alcohols. The first is the one obtained 
from " fusel oil," the other is the one called secondary propyl 
alcohol. This has already been referred to under the head of 
Acetone (see p. 72), where it was stated that acetone is con- 
verted into secondary propyl alcohol by nascent hydrogen. 
We are, in fact, dependent upon this method for the prepara- 
tion of the alcohol. 

It is, like ordinar}'^ propyl alcohol, a colorless liquid. It 
])oils at 81°. While all its reactions show that it is a hydroxide, 
under the influence of oxidizing agents it conducts itself quite 
differently from the alcohols thus far considered. It is con- 
verted first into acetone, CgHgO, whicli is isomeric with the 
aldehyde obtained from ordinary propyl alcohol ; by further 
oxidation, it however does not yield an acid of the formula 
C^HcOo, as we should expect it to, but breaks down, yielding 
two simpler acids; viz., formic acid, CII2O2, and acetic acid, 
C2H4O2. 

Secondary alcohols. — Secondary propyl alcohol is the 
simplest representative of a class of alcohols which are known 
as secondary alcohols. They are made by treating the ketones 
with nascent h3'drogen, and are easily distinguished from other 
alcohols by their conduct towards oxidizing agents. They 
•yield acetones containing the same number of carbon atoms, 
and then break down, ^nelding acids containing a smaller num- 
ber of carbon atoms. 

Is there anything in the structure of tliese secondary alcohols 
to suggest an explanation of their conduct? Secondary pro- 
pyl alcohol is made from acetone by treating witli nascent 
hydrogen. Acetone contains two metli^Y g;roup^ a.\\^ ^^\\iwv^V 
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as represented by the formula CH3— CO— CHgc The sim 
plest change that we can imagine as taking place in this com- 
pound under the influence of hydrogen is that represented in 
the following equation: — 

■ 

CH8-CO-CH3 + Ha = CHs-CH.OH-CHs. 

The very close connection existing between acetone and second- 
ary propyl alcohol, and the fact that there are two methyl 
groups in acetone, make it appear probable that there are also 
two methyl groups in secondary propyl alcohol, as represented 
in the above equation. On the other hand, the easy transfor- 
mation of primary propyl alcohol into propionic acid, which can 
be shown to contain ethyl, shows that in the alcohol ethyl is 
present. Therefore, we may conclude that the difference 
between primary and secondary propyl alcohol is that the 
former is an ethyl derivative and the latter a di-methyl deriva- 
tive of methyl alcohol, as represented by the formulas : — 



/■ 



C 



H ( CMo •CH; 



H cl" 



^OH 



J 



Lj •^^liJ 



C 



CH, 
CH, 

• 

H 
OH 



H 
OH 

Methyl alcohol. Ethyl methyl alcohol or Dimethyl methyl alec 

ordinary propyl aU hoi or secondary 

cohol. propyl alcohol. 



Primary propyl alcohol is methyl alcohol in which one hydrogen 
is replaced by a radical^ while secondary propyl alcohol is 
methyl alcohol in which two hydrogens are replaced by radicals. 
An examination of all secondary alcohols known shows that 
the above statement can be made in regard to all of them. 
They must be regarded as derived from methyl alcohol by the 
replacement of two hydrogen atoms by radicals. The alcohols 
of the first class, like methyl, ethyl, and ordinary propyl alco- 
hols, which are derived from methyl alcohol by the replacement 
of one hydrogen by a radical, are called primary alcohols. 
Another way of stating the difference between primary and 
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secondary alcohols is this : Primary alcohols couiam the group 
CHgOH ; secondary alcohols contain the group CHOH. These 
statements necessarily follow from the first ones. 

A primary alcoliol, when oxidized, yields an aldehyde and an 
acid containing the same number of carbon atoms as the 
alcohol does. 

A secondary alcohol, when oxidized, yields an acetone, and 
then an acid or acids containing a smaller number of carbon 
atoms. 

Recalling what was said regarding the nature of the changes 
involved in passing from an alcohol to the corresponding alde- 
hyde and acid, we see that the formation of the acid is impossi- 
ble in the case of a secondary alcohol. In the case of a 
primary alcohol, we have : — 

R 
H 



C 



H 
OH 

Alcohol. 



c 



R 
H 
LO 



R 

OH. 
LO 



Aldehyde. 



Acid. 



in the case of the secondary alcohol, we have: — 

^R 



C 



B 
H 
OH 

Secondary alcohol. 



'R 



C 



R. 
O 

Ketone. 



PHirther introduction of oxygen cannot take place without a 
breaking down of the compound. It will be seen that the 
formulas used to express the structure of the compounds are 
remarkably in accordance with the facts. 



Butyl alcohols, C4H9.OH. — Theoretically, there are two 
possible hydroxyl derivatives of each of the two butanes, 
making four butyl alcohols in aU. They are all known. Two 
are primary alcohols. 
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1. Normal butyl alcohol, CH3.CH2.CH2.CH2.OH. 

2. Isobutyl alcohol, ^^«>CII.CH20H. 

CII3 

The third is a derivative of normal butane, and is a secondary 
alcohol. 

3. Secondary butyl alcohol, CH3.CH2.CH<^^. This 

alcohol is prepared by treating ethyl-methyl ketone with nascent 
hydrogen : — 

CH3.CH2-CO-CH3 + H2 = CH3.CH2.CH<^^. 

CH3 

(Compare this with the reaction for making secondary propyl 
alcohol.) CH, 

4. Tertiary butyl alcohol, CH3 - C - OH. The fourth butyl 

CH3 
alcohol has properties which distinguish it from the primary and 

secondary alcohols. When oxidized it yields neither an alde- 
hyde nor an acetone, but breaks down at once, yielding acids con- 
taining a smaller number of carbon atoms. Assuming that every 
primary alcohol contaJbs the group CHgOH, and that every sec- 
ondary alcohol contains the group CHOH, it follows that the two 
primary butyl alcohols and secondary butyl alcohol must have 

the formulas above assigned to them ; and it foUows further, that 

CHo 

the fourth butyl alcohol must have the formula CHs — C — OH, 

CH3 

as this represents the only other arrangement of the constituents 

possible, according to our theorj'. This formula represents a 
condition which does not exist in either the primary or second- 
ary alcohols. It is methyl alcohol in which all the hydrogen 
atoms, except that in the hydroxyl, are replaced by methyl 
groups, and it contains the group C — (Oil). Such an alcohol 
is known as a tertiary alcohol^ and the one under consideration 



V 
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is called tertiary butyl alcohol. It is the simplest derivative of 
a class of which but few members are known. 

Tertiary butyl alcohol is made by a complicated reaction 
which cannot easily be interpreted; viz., by treating acetyl 
chloride, CH3.COCI, with zinc methyl, Zn(CH3)2. These two 
substances unite, forming a crjstallized compound ; and, when 
this is treated with water, it breaks up, yielding several products, 
among which is tertiary butyl alcohol. By taking other acid 
chlorides, and the zinc compounds of other radicals, other 
tertiary alcohols may be obtained. 

CharoA^teristics of the three Classes of Alcohols, To- recapitu- 
late briefl}', we find, in studying the hydroxy 1 derivatives of the 
hydrocarbons, that they can be divided into three classes, ac- 
cording to their conduct towards oxidizing agents. 

To what was said above regarding the conduct of primary and 
secondary alcohols we can now add: Tertiary alcohols yield 
neither aldehydes nor acetones containing the same number of 
carbon atoms, but generally break down, yielding simpler acids. 

The general formulas representing these three kinds of alco- 
hols are : — 

/-R rR ^R 



C 



H 



C 



R 



H ^1h 

lOH loH 



and C^ 



V, 



R 
R 

on 

Primary. Secondary. Tertiary. 

Note for Student. — Show how the formula for the tertiary alco- 
hols is in accordance with the fact that these alcohols do not yield 
aldehydes nor ketones. 



Pentyl alcohols, CsHii.OH. — These alcoliols are tlie hy- 
droxyl derivatives of the pentanos. Eight are possi])le, and 
seven of these are known. Only two of tliem need be con- 
sidered here. These are the so-called amyl alcohols. 
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Inactive amyl alcohol, 5^>CH-0H,- OHjOH.-^ 

This alcohol, together with at least one other of the same 
composition, forms the chief part of the fusel oil obtained in 
the fermentation of sugar. By fractional distillation of fusel 
' oil ordinary commercial amyl alcohol is obtained, as a colorless 
liquid, having a penetrating odor, and boiling at 131** to 132°. 
This can be separated by other methods into two isomeric 
alcohols, one of which is' inactive amyl alcohol and the other 
active amyl alcohol. The names refer to the behavior of the 
substances towards polarized light, the former having no action 
upon it, the latter turning the plane of polarization^ to the left. 
When oxidized, inactive amyl alcohol yields an acid contain- 
ing the same number of carbon atoms, and is, therefore, a 
primary alcohol. The acid has been made by simple reaic- 
tions which . show that it must be represented by the formula 

^^3>CH.CH2.C02H. Therefore, the alcohol has the structure 
represented by the formula z~^ > CH.CHj.CHjOH. 

Active amyl alcohol, CH8.0H2.CH<g^Qgp. — This, as 

has been stated, is obtained, together with the inactive alcohol, 
from fusel oil. Not enough is known about it to enable us to 
say with certainty whether the above formula represents its 
structure or not. It is a primary alcohol as represented. 

The remaining members of the series will not be considered, 
though a list of some of the more important ones is given 
below. As regards the naming of the alcohols, it is best to 
refer them to methyl alcohol, just as the hydrocarbons are 
referred to marsh gas. For this piurpose methyl alcohol is 
called carhinol^ and we then get such names as methyl-carbinol, 
di-ethyl-carbinol, etc., which convey at once an accurate idea 

1 This la not the proper place to explain exactly what is meant hy these expressions. 
To the student of physics they convey definite meanings. To one who has not studied 
physics they are meaningless. 
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concerning the structure of the substances. A few illustrations 
will suffice. Take the alcohols considered above : — 



Ethyl alcohol is methyl-carbinol, 



C 



Primary propyl alcohol is ethyl-carbinol, C 



CH3 
H 

H ' 
OH 

H 

H ' 
OH 



Secondary propyl alcohol is di-methyU \ p 



carhinol^ 



I 



CH; 

CH 



8 



8 



Tertiary butyl alcohol is tn'methyl-carbinol, C 



Inactive amyl alcohol is isohutyl-carhinol^ C 



H ' 
OH 

CHs 
CH3. 
CH3' 
OH 

rCH2.CH<^^« 

H 
H 



. OH, etc., etc., 
a name given to it on account of the presence in it of the iso- 



CH 



butyl group CHg.CH < ^^ 



The following table will give an imperfect idea of the extent 
to which the series of alcohols derived from the paraffins is 
developed. There are thirteen hexyl alcohols and thirteen heptyl 
alcohols known. Of most of the higher members but one 
variety is known. They are not important, except in so far 
as they indicate the possibility of the discovery of other 
alcohols. 
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ALCOHOLS OF THE METHYL ALCOHOL SERIES. 

Series CnH2u+i.0H. 

Methyl alcohol CH3.OH. 

Ethyl '' C2H5.OH. 

Propyl '^ C3H7.OH. 

Butyl " C4H9.OH. 

Pentyl " CgHn-OH. 

Hexyl " CeHia.OH. 

Heptyl " C7H15.OH. 

Octyl '' CgHiy.OH. 

Nonyl " CyHig.OH. 

Cetyl " CieHgg.OH. 

Ceryl " , CgzHa.OH. 

Myricyl '' CgoHei-OH. 

2. Aldehydes. 

In general, it follows from what has been said concerning 
the properties of primary alcohols, that there should be an 
aldehyde corresponding to every primary alcohol. Many of these 
have been prepared. They resemble ordinary acetic aldehyde so 
closely that it is unnecessary to take them up individually. If 
we know the structure of the alcohol from which un aldehyde is 
formed by oxidation, we also know the structure of the aldehyde. 

Besides the one method for the preparation of aldehydes 
which has been mentioned, viz., the oxidation of primary 
alcohols, there is one other which should be specially noticed. 
It consists in distilling a mixture of a formate and a salt of 
some other acid. Thus, if a mixture of an acetate and a 
formate be distilled, acetic aldehyde is formed as represented 
by the equation : — * 

CH3.COOM ^ ciIs.COH + MaCOg. 
H.COOM ' -T- 2 8 

Aldehyde. 
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This method has been used to a considerable extent in making 
the higher members of the series. 

Kxperimeut 32. Mix about equal weights of dry calcium formate 
end drv calcium acetate. Distil from a small flask. Collect some of 

ft 

the distillate in water, and prove that aldehyde is formed. 

3. Acids. 

Formic and acetic acids are the first two members of an 
homologous series of similar acids, generally called the fatty 
acids, on account of the fact that several of them occur in large 
quantities in the natural fats. The names and formulas of 
some of the principal members are given in the following 
table. The reasons for representing the acids as compounds 
containing the carboxyl group, CO2H, have been given, and 
need not here be restated: — 

FATTY ACIDS. 

Series CnHgn+i.COaH, or CnHgnOg. 

Formic acid .* . . H.CO2H. 

Acetic " CH3.C0,,H. 

Propionic " C2H5.CO2H. 

Butyric " C3H7.CO2H. 

Valeric " C4H9.CO2H. 

Caproicor \ r TT PO w 

Hexoic acids ) 

CEnanthylic or ) ru rnu 

Heptoic acids ) 

^T^"*'*!^ 1 . C,H„.CO.H. 

Octoic acids j 

Pelargonicor \ ru rmr 

Nonoic acids ) 

Capric acid C^yj.^^^* 
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Laurie acid 



4k 



Mvristic 

Palmitic 

Maqjiiric 

Stearif 

Arat-hidic *' 

liohonic 

Ilvenic 

Cerotic 

Melissic 



kk 



kk 



ki 



kk 
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Although, as will be seen, a large number of fatty acids are 
known, most of them included in the list are at present merely 
curiosities, and need not be studied specially. Not more than 
six in addition to formic and acetic acids will require attention. 

Propionio acid, C3H602(C2H5.C02H). — Propionic acid is 
formed in small quantity by the distillation of wood, and by the 
fermentation of various organic bodies, particularly calcium 
lactate and tartrate. It is prepared most readily by treating 
ethyl cyanide (propio-nitrile) with caustic potash : — 

CjjH5.CN + KOH + H2O = C2H5.CO2K + NHj. 

; 

Other methods for preparing it are the following : — > 

(1) By reducing lactic acid with hydriodic acid. (.This will 
be explained under the head of Lactic Acid, which see.'^) 

(2) By the action of carbon dioxide upon sodium ethv^'l : — 



CO2 + NaCaH^ = C2H5.C02Na. 



'N 



It is a colorless liquid with a penetrating odor some^* irbat re- 
sembling that of acetic acid. It boils at 141°. (Comj' >are witt 
boiling-points of formic and acetic acids.") 
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It yields a large number of derivatives corresponding to 
those obtained from acetic acid. 

Note for Student. — What is propionyl chloride? and how can it 
be prepared? It is analogous to acetyl chloride. 

The simple substitution-products of propionic acid present an 
interesting and instructive case of isomerism. It is found that 
there are two chlor-propionic acids, two brom-propionic acids, 
etc. Those products which are obtained by direct treatment of 
propionic acid with substituting agents are called a-products, 
and the isomeric substances )S-products. Thus we have a-chlor- 
propionic and a-hrom-propionic CLcid^ made by treating propionic 
acid with chlorine and bromine ; and ^-cMor-propionic add and 
/3'brom-propionic acid, made by indirect methods. The differ- 
ence between these two series of derivatives is due to different 
relations between the constituents. Our usual method of repre- 
sentation indicates the possibility of the existence of two iso- 
meric chlor-propionic acids, and of similar mono-substitution 
products of propionic acid. The acid is represented thus : — 

Now, if chlorine should enter into the compound, as represented 
by the formula CHjCl.CHa.COjH, (1) we should have one of 
the chlor-propionic acids ; while^ if it should enter as indicated 
in the formula CH8.CHCI.CO2H, (2) we should have the iso- 
meric product. We have thus two chlor-propionic acids actu- 
ally known, and our theory gives us two formulas. How can 
we tell which of the formulas represents a-chlor-propionic acid, 
and which the )S-acid? We can tell only by carefully study- 
ing all the reactions and methods of formation of both com- 
pounds. The best evidence is furnished by a study of the lactic 
acids, which will be shown to be mono-substitution products of 
propionic acid. It will be shown that a-chlor-propionic acid 
can be transformed into a lactic acid the structure ot ^V:a$^ Ss^ 
represented bjr the tormol& CH8.CIl((3H).CO^^ Wi'^ \5a»X^\s^ 
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replacing the hydroxyl of this lactic acid by chlorine, a-chlor* 
propionic acid is formed. It therefore follows that formula (2) 
above given is that of a-chlor-prop ionic acid, and formula (1) 
that of )8-chlor-propionic acid. Further, any mono-substitution 
product of propionic acid which can be made directly from 
a-chlor- propionic acid, or converted directly into this acid, is an 
a-product, and has the general formula 

CHa.CHX.COgH; 

and, similarly, the ^-products have the general formula 

OH^X. .CH2 -0020, 
in which X represents any univalent atom or group. 

Butyric acids, C4H«02(C3H7.C0.2H). 

Normal butync acicl^ CH3.CH2.CH2.CO2H. When butter is 
boiled with caustic potash, the potassium salts of butyric acid and 
of some of the higher members of the series are found in the solu- 
tion at the end of the operation. Butter, like other fats, belongs 
to the class of bodies known as ethereal salts ; and these, as we 
have seen, when boiled with the alkalies are decomposed, yielding 
alcohol and alkali salts of acids (saponification) . In the case of 
butter and of nearly all other fats, the alcohol formed is glycerin. 
Butyric acid occurs also in many other fats besides butter. 

It is made most readily by fermentation of sugar by what is 
known as the butyric acid ferment. This ferment probably is 
contained in putrid cheese. Hence, to make the acid, sugar 
and tartaric acid are dissolved in water, and, after a time, 
certain quantities of putrid cheese and sour milk are added, 
and also some powdered chalk. At first the sugar is converted 
into glucose : — 

C12H22O11 + H2O = 2 C6Hi20({. 

Cane eugar. Glucose. 

The glucose breaks up, yielding lactic acid, CsHeOg: — 

CeHi20g = 2 CgHgOs. 

Glucose. ■L8ic\ic SlcV^. 
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And, finally, the lactic acid is converted into butyric acid : — 

2 C3H6O3 = C^HsO, 4- 2 CO, -f 4 H. 

Other methods for the preparation of butyric acid are : — 

(1) By oxidation of normal butyl alcohol ; and 

(2) By treating normal propyl cyanide, CHg.CHg.CHgCN, 
with caustic potash. 

The acid is a liquid having an acid, rancid odor, like that of 
rancid butter. It boils at 162°. (Compare with the preceding 
acids.) Like the lower members of the series it mixes with 
water in all proportions. 

Ethyl butyrate^ C3H7.CO2C2H5, has a pleasant odor resembling 
that of pineapples. It is used under the name of essence oj 
pineapples, 

Isobut3n:ic acid, ^^^ > CH.CO2H. — From the two propyl 

oils 

alcohols the two chlorides, propyl chloride, CH3.CH2.CH2CI, 
and isopropyl chloride, ^ > CHCl, can be made, and from 
these the corresponding c^'anides, — 

Propyl cyanide CH3.CH2.CH2CN, 

CH 
and Isopropyl cyanide .... ^ > CHCN. 

CH3 

By boiling with caustic potash, the former is converted into 
normal butyric acid, as stated above ; while the latter yields 

isobutyricacid, ^>CH.CO.^H. This acid can be prepared 

^ CH 

also by oxidizing isobutyl alcohol, •^>CH.CH20H. It is 

found in nature in the carob bean. 

Isobutyric acid is a liquid which boils at 154°. Its odor is 
less unpleasant than that of the normal acid. 

Valeric acids, C5Hio02(C4lI,.CO,H). — Four carboxyl de- 
rivatives of the buttmes are possible. Foxk ^eVOi^ ol X5w^ 
iorwula QHjoO^ are known. 
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Inactive or ordinary valeric acid, q^ > 0H.0Hj.0O,H. 

— This acid is made by oxidizing inactive amyl alcohol. It 
can also be made (and this reaction reveals the structure of 

CH 

the acid) by starting with isobutvl alcohol, '>CH.CH,OH, 

converting this first into the chloride and then into the cyanide, 

CH 
and, finally, transforming the cyanide, which is ^ > CH.CH,CN, 

into the acid. It occurs in valerian root, whence its name. It 
is an unpleasant smelling liquid, boiling at 174®. It requires 
thirty parts of water for solution. 

Amyl valerate J C4H9 . COgC^Hn, has the odor of apples, and is 
used under the name of essence of apples. 

Active valeric acid, ^^?! > CH.CHa.CHs- — This acid 

0U2XI 

is prepared by oxidation of active amyl alcohol. Although the 
alcohol turns the plane of polarization to the left, the acid 
turns it to the right. The alcohol is said to be lo&vo-rotatdty^ 
and the acid dextro-rotatory. 



The higher acids of the series are, for the most part, found 
in various fats. They are difficultly^ soluble in water. The 
highest members are solids. The two best known, because 
occurring in largest quantit}', are palmitic and stearic acids. 
These are contained in combination with the alcohol, glycerin, in 
all the common fats. The fats will be treated under the head 
of Glycerin. 

Palmitic acid, C15H31.CO2H, can be made by saponifjing 
many fats, but especially palm-oil j from which it is obtained 
mixed with only one other acid. 

It crystallizes in needles which melt at 60°. 

Stearic acid, C17H35.CO2H, is the acid contained in that 
particular fat known as stearin, TYie «.o-e^\\^^ ^^ ^te^^xln can- 
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dies " are really made of a mixture of palmitic and stearic 
acids, and from them stearic acid can be separated in pure form 
by long-continued fractional crjstallization from ether and 
alcohol. 

It crystallizes from alcohol in needles or laminae which melt 
at 68°. 



Soaps. — In speaMng of the decompositions of ethereal salts 
bj' boiling with alkalies, it was stated that this process is 
called saponification because it is best exemplified in the manu- 
facture of soaps from fats. The fats are themselves rather 
complicated ethereal salts. When they are boiled with an 
alkali, as causdc soda, the alcohol is liberated, and the alkali 
salts of the acids are formed. These salts are the soaps. They 
are in solution after the process of saponification is completed, 
nnd can be separated by adding a solution of common salt, in 
which they are insoluble. 

Experiment 33. In an Iron pot boil about 258 of lard with a 
solution of caustic soda for two hours. After cooling, add a strong 
solution of sodium chloride. The soap will separate and rise to the 
top of the solution, where it will finally solidify. Dissolve some of 
the soap thus obtained in water, and filter. Add hydrochloric acid, 
when the free fatty acids, mainly palmitic and stearic acids, will 
separate as solids, which will rise to the top. The hydrochloric acid 
simply decomposes the sodium palmitate and stearate, giving free 
palmitic and stearic acids and sodium chloride : — 

CisHai.COaNa + HCl = C15H31.CO3H + NaCl, 
Sodium Palmitate. Palmitic Acid. 

and CnHgj.COaNa + HCl = C^Hgg.CO^H + NaCL 

Sodium Stearate. Stearic Acid. 



The remaining derivatives of the higher members of the 
paraflSn series include the ethers, ketones, ethereal salts, 
mercaptaus, sulphur ethers, sulphouic acids, cyanides and 
isocyanides, cyanates and ii^ocyanate&, &\x\i^\io-Q^^^\i^\fe*3» ^kv^ 
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iso-sulpho-cyanates, substituted ammonias and analogous com 
pounds, metal derivatives, and nitro-derivatives. 

A great many substances belonging to these classes, and 
containing residues of the higher hydrocarbons, have beeir pre- 
pared and studied ; but, in the main, they so closely resemble 
the simpler substances which have already been described that 
we should gain nothing by taking them ujf here individually. 
The student, however, is earnestly advised to apply the princi- 
ples discussed in the first part of the book to a few other cases. 
Thus, let him take propane and butane, and, not only write the 
formulas of the derivatives which can be obtained from them, 
but, above all, write the equations representing the action in- 
volved in their preparation, and the transformations of which 
they are capable. 

POLYACID ALCOHOLS AND POLYBASIC ACIDS. 

1. Di-AOiD Alcohols. 

The alcohols thus far considered are of the simplest kind. 
They correspond to the simplest metallic hydi'oxides, as potas- 
sium hydroxide, KOH. Just as these simplest metallic hydrox- 
ides are called mon-acid bases^ so the simplest alcohols are 
called mon-acid alcohols j^ expressions which are suggested by 
the term mono-baMC add. But, as is well known, there are 
metallic hydroxides, like calcium hydroxide, Ca(0H)2, barium 
hydroxide, Ba(0H)2, etc., which contain two hydroxyls, and 
are hence known as di-acid bases; and so, too, there are di-^cM 
alcohols which bear to the mon-acid alcohols the same relation 
that the di-acid bases bear to the mon-acid bases. Only one 
alcohol of this kind, derived from the paraflln hydrocarbons, is 
well known. 

Ethylene alcohol or glycol, C2H602[C2H4(OH)2]. — Glycol 
is made by starting with ethylene, a hydrocarbon of the foimula 

1 The expression moruitomic alcohols is used by some writers, but, as it is confusiiig, 
// i» gradnaUy giving way to the more rational expTeaAou ^Aio^e w%^. 
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C2H4. When this is brought together with bromine, the two 
unite directly, forming ethylene bromide^ C2H4Br2. By replacing 
the two bromine atoms by hydroxyl, ethylene alcohol or glycol 
is formed. 

It is a colorless, inodorous, somewhat oily liquid, which boils 
at 197.5**. It has a sweetish taste, and is hence called glycol 
(from yXuKvs, sweet). Hence, further, the other alcohols of 
this series are also called glycols. 

The derivatives of ethylene alcohol are not as numerous as 
those of the better known members of the methyl alcohol series, 
but those which are known are of the same general character. 
The reactions of the alcohol are the same as those of the mon- 
acid alcohols, but it presents more possibilities. In most cases 
in which a mon-acid alcohol yields one derivative, ethylene 
alcohol yields two. Thus, with sodium, the two compounds, 

sodium glycol^ C2H^< ^, 2ind' di-sodium glycol^ Cfi^<^ ^^ 

can be formed ; from these, by treating with ethyl iodide, the 

OP H 

two ethers, ethyl- glycol ether, CgH^ < J* *, and di-ethyUglycol 

OH 
OC! H 

ether, CgH^ < ^i^jr^^ are made. By treatment with hydro- 

^^ CI 

chloric acid, the chloride, C^H^K^^, known as ethylene chlor- 

OH 

hydrine is formed ; and this, by treatment with phosphorus tri- 
chloride, can be converted into ethylene chloride, C2H4CI2, etc. 
Its conduct towards acids is like that of a di-acid base. It 
forms neutral and alcoholic salts, of which the acetates may 
serve as examples. Thus we have the 

Mono-acetate, CgH^ < ^-^z^sO 
' ' * OH ' 

and the Di-acetate, C2H4 < ^^'^'^ ; 

the former still containing alcoholic hydroxyl and correa^\id»Mw^ 
to a basic salt; the latter being a neutral corogowiy^.. 
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The formation of the diacetate is a step in one of the methods 
of preparing ethylene alcohol. This method consists in treating 
ethylene bromide with potassium acetate in alcoholic solution, 
separating the acetates of ethylene thus formed, and decom- 
posing these by means of barium hydroxide. The reactions 
involved are represented by the following equations : -;- 

p TT ^ Br , KO.C2H3O __ p XT ^ O.CgHsO , o -TT-n^ . 

^^"^<Br + KO.CH^O - ^^^^< O.C,H,0 + ^ ^Br . 

and C,H,< ^-^^^ +Ba < ^JJ = C,H,< g^ +Ba(C,H,OjV 

The alcohol can also be made by treating ethylene bromide 
with potassium carbonate : — 

CsH,< J'' + ^^ >C0 + H2O = CjH,< ^ + 2 KBr + CO, ; 
Br KO OH 

and by treating ethylene bromide with silver oxide : — 
C,U,< ^j; + AgjO + HjO = CjH,< ^^ + 2 AgBr. 

These methods of formation show clearly what ethylene alcohol is. 

When acetyl chloride acts upon the alcohol at ordinary tem- 

OC H O 

perature, the product has the formula C2H4< ^ * . This is 

L/l 

also formed by the action of hydrochloric acid gas on the diace- 
tate. It seems probable, therefore, that tlie action of acetjl 
chloride is to be represented by two equations ; thus : — 

C,U,< ^^ + 2 CjH,OCI = C,H,< ^^^^"^ + 2 HCl ; 

and C,H,< Q?^^Q + HCl = C,U,< ^^'^'^ + C^A- 

There are two ways in which the structure of a compound 

of the formula C2H4(OH)2 can be represented. They are, — 

CHaCOH) 
(1) I , in which each hydroxyl is represented in combi- 

CHzCOH) CH(0H)2 

nation with a different carbon atom ; and (2) I , in which 

both hjdroxyls are represented m corcL^vTi«^\*\o\i^\\}a.^<^ ^iik%.\£k^ 
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carbon atom. The question at once suggests itself, to which of 
these formulas does ethylene alcohol correspond ? To answer 
this question, we must recall what was said regarding the two 
dichlor-ethanes, known as ethylene chloHde and ethylidene chloride. 
The former of these corresponds to the formula CHgCl.CHgCl, 
while the latter, which is formed from aldehyde by replacing the 
carbonyl oxygen by two chlorine atoms, is represented by the 
formula CHCI2.CH3. When the chlorine atoms of ethylene 
chloride are replaced by hydroxyl, ethylene alcohol is produced. 

CH2(0H) 
Hence, the alcohol has the formula I , or each of the 

CH^COH) 

hydroxyls is in combination with a different carbon atom. 

All attempts to make the isomeric di-acid alcohol correspond- 
ing to ethylidene chloride, and having both hydroxyls in combi- 
nation with the same carbon atom, as represented in the formula 

CH(0H2) 

I , have failed. Instead of getting ethylidene alcohol, 

CH3 

aldehyde is generally obtained. Aldehyde is ethylidene alcohol 

minus water : — 

CH(0H)2 CHO 
I = I +H2O. 

CH3 CH3 

It is believed that one carbon atom cannot, under ordinary 
circumstances, hold in combination more than one hj'droxyl 
group. If this is true, then ethylidene alcohol cannot be pre- 

OH 

pared any more than the hypothetical carbonic acid, CO < "■ , 

OH 

can be. So, too, the simplest di-acid alcohol conceivable, 

viz., methylene alcohol, CH2(OH)2, cannot exist, but would 

break up, if formed at all, into water and formic aldehyde : — 

CH2(OH)2 = H2O + H.CHO. 

(See discussion regarding the transformation of alcohol into 
aldehyde, pp. 64-66.) 
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Ethyl alcohol, as was pointed out, may be regarded either as 
ethane in which one hydrogen is replaced by bydroxyl, or as 
water in which one hydrogen is replaced by the radical C2H5, or 
ethyl. Ethyl, like all the radicals contained in the mon-acid 
alcohols, is univalent. It is ethane less one atom of hydrogen, 
just as methyl is methane less one atom of hydrogen. Each 
has the power of uniting with one atom of hydrogen, or another 
univalent element, or of taking the place of one atom of 
hydrogen. 

If we take away two atoms of hydrogen from methane and 
ethane, we have left the residues or radicals CH2 and C2H4. 
These can unite with two atoms of hydrogen, or take the place 
of two atoms of hydrogen, and they are hence called bivalent 
radicals. 

Just as ethylene alcohol may be regarded as ethane in which 
two hj'drogen atoms are replaced by hydroxyls, so it may be 
regarded as water in which the bivalent radical ethylene re- 
places two hydrogens .belonging to two different molecules of 
water : — 

Two molecules water. Ethylene alcohol. 



The higher members of the series of di-acid alcohols will not 
be considered here. 

2. Dibasic Acids. 

Just as there are di-acid alcohols derived from the paraffins, 
so there are dibasic acids which may also be regarded as deriva- 
tives of the paraffins. "We have seen that the simplest acids, 
the monobasic fatty acids, are closely related to formic and 
carbonic acids ; that they may be regarded as derived from the 
latter by replacement of a hydtox>j\ b-^ a. radical^ or as derived 
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from the paraffins by the introduction of the group carboxyl^ 
CO2H. The conditions existing in this group are essential to 
the acid properties. If two carboxyls are introduced into marsh 
gas, a substance of 'the formula CH2(C02H)2 is formed, and 
this is a dibasic acid. It contains two acid hydrogens, and 
is capable of forming two series of salts, the acid and neutral 
salts, like other dibasic acids. It maj^ be regarded also as 
derived from two molecules of carbonic acid by the replacement 
of two hydroxyls by the bivalent radical CH2 : — 



OH C0< 



CHa 



Two molecules carbonic acid. Dibasic acid. 

The general methods of preparation available for the building 
up of the series of dibasic acids are modifications of those used 
in making the monobasic acids. They are : — 

1. Oxidation of di-add primary alcohols. Just as a mon- 
acid primary alcohol, R.CH2OH, yields by oxidation a mono- 
basic acid, so a di-acid primary alcohol, R"(CH20H)2, yields a 
dibasic acid, R''(C02H)2. 

2. Treatment of the dicyanides^ R''(CN)2, vdth caustic alkalies. 

3. Oxidation of the so-called hydroxy-acids or alcohol acids. 
These are compounds which are at the same time alcohol and 
acid ; as, for example, hydroxy-acetic acid, which is acetic acid 
in which one of the hydrogen atoms of the hydrocarbon residue, 
methyl, has been replaced by hydroxyl, as represented in the 

CH2OH 

formula I . When this is oxidized, the alcoholic portion, 

CO2H 

CH2OH, is converted into carboxyl, and a dibasic acid is formed. 

4. From the cyanogen derivatives of the monobasic acids, 

CN 
Buch as cyan-acetic acid, CH.^ < ^.n w^ ^J ^^® transformation of 

the cy&nogeD group into carboxyl. 
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DIBASIC ACIDS, C„H2n 2O4. 



Oxalic 

Malonic 

Succinic 

Pyrotartaric 

Adipic 

Pimelic 

Suberic 

Azelaic 

Sebacic 

Brassylic 

Roccellic 



ac 



id 



(COaH)^, 
CHaCCOjH),. 

C4H3 (COjH)^. 
CgJBiyii (COjH) g. 

CqHi2 (COjH ) 2 . 

C7H14 (COjH) 2» 
CgHie (CO2H) 2* 
C9H13 (COgH) 2* 

Ci5H30(CO2H)2. 



Of the many acids included in this list only four or five can 
be said to be well known. We may confine our attention to the 
first four members. 



Oxalic acid, C2H204[(C02H)2]. — In one sense, according to 
the accepted definition, oxalic acid is not a member of the series 
with which we are dealing, as it is not derived from a hydro- 
carbon by replacement of hydrogen by carboxyl ; nor is it 
derived from two molecules of carbonic acid by replacement of 
two hydroxyls by a bivalent radical. Still it is in other respects 
so closely allied to the members of the series, and has so many 
things in common with the other members, that it would be a 
mere act of pedantrj^ to consider it in any other connection. 

Oxalic acid occurs very widely distributed in Nature ; as in 

certain plants of the oxalis varieties, in the form of the acid 

potassium salt; as calcium salt in many plants; in urinary 

calculi ; and as the ammonium salt in guano. 

Jt is formed by the action of uitnc ac\d w^n xc^jk^ OT^enic 
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snbstances, particularly the different varieties of sugar and the 
so-called carbohydrates, such as starch, cellulose, etc. 

fixperiment 34. In a good-sized flask ponr half a litre of ordinary 
concentrated nitric acid (of specific gravity 1J846) upon 60« of sugar. 
Heat gently until the reaction begins. Then withdraw the flame, when 
the oxidation will proceed with some violence, and accompanied by 
a copious evolution of red fumes. When the action has ceased, 
evaporate the liquid to one-sixth the original volume, and let it 
cool, when oxalic acid will crystallize out. Recrystallize from water 
the acid thus obtained, aud with the pure substance perform such ex- 
periments as will exhibit its properties. For example, (1) Heat a 
specimen at 100^, and notice loss of water; (2) Heat some in a small 
flask with sulphuric acid, aud prove that both oxides of carbon are 
formed. 

On the large scale, oxalic acid is made by heating wood 
shavings or saw-dust with caustic potash and caustic soda to 
240° to 250°. The mass is extracted with water, and the solu- 
tion evaporated to crystallization, when sodium oxalate is de- 
posited. 

Other methods, which are interesting from a purely scientific 
point of view, are the following : — 

1. The spontaneous transfonnation of an aqueous solution of 

cyanogen : — 

CN COgH 

I +4H2O = I + 2NH8; 

CN CO2H 

CN C02(NH4) 

or, really, | -f- 4 HgO = | 

CN C02(NH4) 

2. Treatment of carbon dioxide with sodium ' -^ 

2 CO2 + 2 Na = C204Na2. 

3. Heating sodium formate: — 

2H.C02Na = C204Na2 + 2H. 
Oxalic acid crystallizes from water in mo\ioe\\iiAG ^^^"^^ ^^'^ 
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laining two molecules of water (C2H2O4 + 2H2O). It loses 
ihis water at 100°. It sublimes without decomposition at 150° 
to 160°, but, if heated higher, it breaks up into carbon monox- 
ide, carbon dioxide, and formic acid : — 

2 C2HA = 2 CO2 + CO + HCOgH + H2O. 

Sulphuric acid decomposes it into carbon monoxide, carbon 
dioxide, and water. Heated with glycerin to 100°, carbon 
dioxide and formic acid are formed (see Formic Acid) : — 

C2H2O4 = CO2 + H.CO2H. 

It is an excellent reducing agent, and is used as a standardizer 
in preparing solutions of potassium permanganate. 

Experiment 35. Try the action of a solution of potassiom peiv 
manganate on a solution of oxalic acid. Why Is It best to have the 
solution of the permanganate acid? 

Oxalic acid is an active poison. It is used in calico printing. 

Salts of oxalic acid. Like all dibasic acids, oxalic acid forms 
acid and neutral salts with metals. All the salts are insoluble 
except those containing the alkalies. Among those most com- 
mon are the a<:id potassium salty C2O4HK, which is found in the 
sorrels or plants of the oxalis variety; the ammonium saU^ 
C204(NH4)2, of which some urinary calculi are formed; and 
calcium oxalate, C204Ca, which, being insoluble in water and 
acetic acid, is used as a means of detecting calcium in the 
presence of magnesium. 

Malonic acid, C3H404[= CHzlCOaH)^].— This acid was first 
made by oxidation of malic acid (which see), and is hence 
called malonic add. It can best be made by starting with 
acetic acid. The necessary steps are : (1) making chlor-acetic 
acid; (2) transforming chlor-acetic acid into cyan-acetic acid 3 
(3) heating cyan-acetic acid with au alkali. 

Note for Student. — Write the equations representing ttie three 
Bteps mentioned. 
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It is a solid which crystallizes in laminae. It breaks up at a 
temperature above 132°, which is its melting-point, into carbon 
dioxide and acetic acid 2 — 

CH2<^^^ = CH3.CO2H + CO,. 
CO2H -♦ 

Note for Student. — What simple method for the preparation of 
larsh gas and other paraffins is this reaction analogous to? 

Succinic acids, C4H604[= C2H4(C02H)2]. — Considering 
these acids as derived from ethane by replacing two hydrogens 
with carboxyl, we see that there may be two corresponding to 
ethylene and ethylidene chlorides. Two are actually known. 
One is the well-known succinic acid; the other is called iso- 
succinic add, 

CH2.CO2H 
Succinic acid» Ethylene succinic acid, I . — 

CH2.CO2H 

This acid occurs in amber (hence its name, from Lat. succinnm^ 
amber) ; in some varieties of lignite ; in many plants ; and in 
the animal organism, as in the urine of the horse, goat, and 
rabbit. 

It is formed under many circumstances, especially by oxida- 
tion of fats with nitric acid, by fermentation of calcium malate, 
and, in small quantity, in the alcoholic fermentation of sugar. 
Among the methods for its preparation are : — 

CH2.CN 

1. Treatment of ethylene cyanide, | , with a caustic 

alkali:— CHg.CN 

CH2CN CH2.CO2K 

I + 2 KOH + 2 H2O = I +2 NHs. 

CH2CN CH2.CO2K 

2. Similarly, by treatment of jS-cyan-propionic acid with an 
alkali. (What is ^-cyan-propionic acid ?) 

3. Reduction of tartaric and malic acAiQLa >a^ xD^ajM^ <^\ 
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hydriodic acid. These well-known acids will be shown to be 
closely related to succinic acid, and the reaction here mentioned 
will be explained. The methods actually used in the prepara- 
tion of succinic acid are : (1) the distillation of amber, and 
(2) the fermentation of calcium malate. 

The acid crystallizes in monoclinic prisms, which melt at 
180° (try it). It boils at 235°, at the same time giving off 
water, and being converted into the anhydride : — 

Among the salts fernc succinate^ CiH;04.Fe(0H), is of 
special interest, as it is entirely insoluble in water, and can 
therefore be used for the purpose of separating iron from 
manganese quantitatively. 

Experiment 36. Make a neutral solution of ammoDiara succinate 
by neutraliziug an aqueous solution of the acid, and boiling off all 
excess of ammonia. Add some of this solution to a solution known to 
contain manganese and iron in the ferric state. A brown-red precipi- 
tate will be formed. Filter and wash, and examine the filtrate for iron. 

CH(C02H)2 

Isosuccinic acid, Ethylidene succinic acid, I 

CHs 

This acid is made b}' treating a-cyan-propionic acid with an 

alkali. (What is a-cyan-propionic acid?) 

Isosuccinic acid forms crystals which melt at 130°. Heated 
to 150° it breaks up into propionic acid and carbon dioxide : — 

CH(C02H)s, CHj.COjH 
I =1 + CO^. 

CH, CHg 

iBOsucclnic acid. Propionic acid. • 

Note for Student. — Notice carefully ihe diflference between the 
two succinic acids, as shown by thelr-conduct when heated. What is 
the difference? 

Acids of the formula CsH^O^l^ CsHelCOaHla]. — Four 
acids of the formula C5H8O4 are known, only one of which, 
however, need be considered here. T\i\a \a^ — 



GLYCERIN. 147 

Pyrotartario acid. I • — -A.S the name indi- 

CH,.C02H 

cates, this acid is made by heating tartaric acid. The reactions 
which take place are complicated, .and cannot well be represented 
by equations. The reactions which point to the above formula 
are also comparatively complicated, and their discussion at this 
time would tend only to confuse the student. 

Tri-acid Alcohols. 

The existence of mon-acid alcohols corresponding to the 
mon-acid bases, like potassium hydroxide, and of di-acid alco- 
hols corresponding to the di-acid bases, like calcium hydroxide, 
suggests the possible existence of tri-acid alcohols correspond- 
ing to tri-acid bases, like ferric hydroxide. There is only one 
alcohol of this kind derived from the paraffin hydrocarbons that 
fe at all well known. This is the common substance glj'cerin. 

Q-lyoerin, CgHsOa. — As has been stated repeatedly, glycerin 
occurs verj' widely distributed as the alcoholic or basic constit- 
uent of the fats. The acids with which it is in combination are 
mostly members of the fatty acid series, though one, viz., oleic 
acid^ which is found frequently, is a member of another series. 
Besides oleic acid, the two acids most frequently met with in 
fats are palmitic and stearic acids. When a fat is saponified 
with caustic potash, it yields free glj'^cerin and the potassium 
salts of the acids. The reactions in the case of the glycerin 
compounds of palmitic and stearic acids are these : — 

Formation, 

rOH HO.OC.C15H31 rO.CO.Ci^Hgi 

C3HJ OH + H0.0C.Ci,H3, = CaHJ O.CO.Cj^si + 3 H^O. 
(oh HO.OC.C15H81 (O.CO.C^H^^ 

Gljrcerin. Palmitic acid. ^^^''^^p'^^lj^^'^* 
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r OH HO.OC.C17H35 r O.OC.CiyHas 

C3H5J OH + HO.OC.C17H35 = C3HJ O.OC.C17H35 + 3 HA 
(oh HO.OC.C17H85 (o.OC.CiyHss 

Glycerin. Stearic Acid. ^^^^^'^StSSSf^*^' *"' 

SaponificcUion. 

rO.OC.CisHgi 
C3HJ O.OC.CJ5H31 + 3K0H = C3H5(OH)8 + 3C15H31.CO2K. 

(. O . OC . CiaHgi Glycerin. Potassium palmitate. 

Palmitin. 

rO.OC.CiyHgs 

C3H5] O.OC.C17H35 + 3 KOH = C3H5(OH)3 + 3 C17H35.CO2K. 

(.O.OC.C17H35 Glycerin. Potassium stearate. 

Stearin. 

The fats are also decomposed by superheated steanl, yielding 
free glycerin and the free acids, and this method is used on tlftj 
large scale, a little lime being added to facilitate the process. 
Lead oxide decomposes fats yielding a mixture of glycerin and 
the lead salts of the acids. The mixture is known in medicine 
as "lead plaster." 

Glycerin is formed in small quantity by the alcoholic fermen- 
tation of sugar. 

It has been made synthetically from propylene chloride, 
C3HeCl2. The necessary steps are : (1) treatment with chlorine, 
giving C3H5CI3; (2) treatment of the tri-chlorine derivative 
with water, thus replacing the three chlorine atoms by hydroxyl. 

Glycerin is a thick colorless liquid, with a sweetish taste 
(compare with glycol). It mixes with alcohol and water in all 
proportions. It attracts moisture from the air. At low tem- 
peratures it solidifies, forming deliquescent crystals which melt 
at 17®. Under diminished pressure it can be distilled ; but, if 
heated to its boiling-point under the ordinary atmospheric pres- 
sure it undergoes decomposition. It is volatile with water 
vapor. 
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Experiment 37. Heat a little glycerin in a dry vessel, and try to 
boil it. What evidence have you that it undergoes decomposition? 
Put 20CC to 30CC glycerin in 400^^ to SOO^c water in a flaslt ; connect with 
a condenser, and boil. Prove that glycerin passes over with the water 
vapor. 

The reactions of glycerin all clearly lead to the conclusion 
that it is a tri-acid alcohol. 

(1) The three hydroxyl groups can be replaced successively 

by chlorine, giving the compounds, — 

( CI 
CMorhydrin, C3H5J /qh)/' 

Dichloi'hydrin, C3H5J q^ ; 

and TricMorhydrin, C3H5CI8, 

which last compound is propane in which three hydrogen atoms 
are replaced by chlorine, or trichlorpropane. 

(2) It forms three classes of ethereal salts containing one, 
two, and three acid residues respectively. For example, with 
acetic anhydride these reactions take place : — 

r OH { O.C0H3O 

1. C3H J OH + (C2H30)20 =C3hJ0H +C2HA- 

(oh (OH 

t OH ^ OC2H3O 

2. C3H5 ^ OH + 2 (C2H30)20 = C3H5 ] OC2H3O + 2 CgHA- 

(OH (OH 

/ OH r OC2H3O 

3. C3H5 ^ OH + 3 (C2H30)20 = C3H5 } OC2H3O + 3 CgHA- 

( OH ( OC2H3O 

In regard to the relations of the hydroxyl groups to the parts 
of the radical C3H5, we have very little experimental evidence, 
though it appears highly probable that each hydroxyl is in 
combination with a different carbon atom as represented in the 

CH2OH 
I 
formula CHOH . 

) 

ch;,oh ♦ 
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In the first place, we have seen above that compounds con- 
taining two hydroxyls in combination with the same carbon 
are not readily formed, if they are formed at all, and we have 
had some reason for concluding that this kind of combination 
is impossible. It would follow from this that the simplest tri- 
acid alcohol must contain at least three atoms of carbon, just 
as the simplest di-acid alcohol must contain at least two atoms 
of carbon. We have seen that the simplest tri-acid alcohol 

known does contain three atoms of carbon. 

CHjOH 

Further, if the formula of glycerin is CHOH , it contains two 

CHjOH 
primary alcohol groups, CHgOH, and we have^ seen that this 
group is converted into carboxyl under the influence of oxidiz- 
ing agents. Therefore, we should expect by oxidizing glj'cerin 

CO-H COoH 

I I 

to get products of the formulas, CHOH , and CHOH. Such prod* 

CHjOH COjH 

ucts actually are obtained, the first being glyceric add (which 
see) , and the second tartronic add (which see) . 

Just as ethyl alcohol is regarded as water in which one 

hydrogen is replaced by the univalent radical C2H5, as ^^ \ ; 

and glycol is regarded as water in which two hydrogen atoms 
of two molecules of water are replaced by the bivalent radical 

^ >0 
C2H4, as C2H4 ; so also glycerin may be regarded as water 

H ^^ 
in which three hydrogen atoms of three molecules are replaced 
by the trivalent radical C3H5, thus : — 



H.OH 


rOH 


H.OH 


CjH. ] OH. 


H.OH 


(.OH 


Three molecules water. 

« 


QrVjtetSsi. 
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Ethereal salts of gflycerin. — Among the important 

ethereal salts of glycerin are the nitrates. Two of these are 

rO.NO^ 
known ; viz., the mono-nitrate, C5H5 ■} OH , and the tri-nitrate, 

I OH 
0^5(0X02)3, the latter being the chief constituent of Jiitro- 
glycerin, Nitro-glycerin is prepared by treating glycerin with 
a mixture of concentrated sulphuric and nitric acids. It is a 
pale yellow oil which is insoluble in water. At —20° it 
crystallizes in long needles. It explodes very violently by 
concussion. It can be burned in an open vessel, but if heated 
above 250° it explodes. Dynamite is infusorial earth impreg- 
nated with nitro-glycerin. Nitro-glycerin is the active constitu- 
ent of a number of explosives. 

Fats. — The relation of the fats to gl^'cerin has already been 
stated. Here it will be necessary onl}- to mention the composi- 
tion and characteristics of some of the more common fats. 

Most fats are mixtures of the three neutral ethereal salts 
which glycerin forms with palmitic, stearic, and oleic acids, 
and which are known by the names palmitin, stearin, and olein. 
Olein is liquid, and the other two fats are solids, stearin having 
the higher melting-point. Therefore, the larger the proportion 
of olein contained in a fat the softer it is, while the greater the 
proportion of stearin the higher its melting-point. Among the 
fats which are particularly rich in stearin may be mentioned 
mutton tallow^ beef tallow, and lard. Human fat and palm oil 
are particularly rich in palmitin. Sperm oil and cod-liver oil 
are rich in olein. 

Butter consists of ethereal salts of glycerin and the follow- 
ing acids : myristic, palmitic, and stearic acids, which are not 
volatile, and butyric, caproic, caprylic, and capric acids, which 
are volatile with water vapors. All the acids mentioned are 
members of the fatty acid series. Some of tlve^^ ^ii\^ ^x^ 
soluble and some axe insoluble in watec. TYkfc ^^x^^\iV»%^ ^V 
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insoluble fatty acids contained in butter has been found to be 
88 per cent. As the proportion of insoluble fatty acids con- 
tained in artificial butters, such as the so-called oleo-margarin, 
is greater than that contained in butter, it is not a difficult 
matter to distinguish between the two by determining the 
amount of these acids contained in them. 



Tri-basic Acids. 

Tri-oarballylio acid, C8H6(C02H)8. — This acid can be 
made from trichlorhydrin, C3H5CI8 (which see), by replacing 
the chlorine by cyanogen, and heating with an alkali the tri- 
cyanhydrine thus obtained. It can be made also by treating 
aconitic acid (which see) with nascent hj'drogen. It crystallizes 
from water in rhombic prisms which melt at 157^ to 15B^. 

Tetr-acid Alcohols. 

Brsrthrite, C4Hio04[= C4H6(OH)4]. — This substance occurs 
in one of the algae (Protococcm vulgaris) and in several lichens. 
It crystallizes from water in quadratic prisms. It has a very 
sweet taste. The fact that the simplest tetr-acid alcohol con- 
tains four atoms of carbon should be specially noted. 



There is no well known tetra-basic add derived from the 
hydrocarbons of the paraffin series. 



Pent-acid Alcohols. 



By the reduction of the two sugars, xylose and arabinose^ 
two pent-acid alcohols, xylite and arabite, have been made. 
Both have the formula C5Hi205\;= C5^7(^OU^;\. 
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No penta-basic add belonging to this series is known. 



. Hex-acid Alcohols. 

There are several hex-acid alcohols known. Most of them are 
derived from hexane, and have the composition represented by 
the formula C6H8(OH)e. It will be noticed that these hex-add 
alcohols contain six carbon atoms each. 

Mannite, CeHsCOHJe. — Mannite is widely distributed in 
the vegetable kingdom. It occurs most abundantly in . manna/ 
which is the partly dried sap of the manna-ash {Fraxinus 
omus). It is obtained from incisions in the bark of the tree. 

Mannite is formed in the lactic acid fermentation of sugar. 
It is formed also by the action of nascent hydrogen on fructose 
and mannose. This indicates a close relationship between the 
sugars and mannite, Mannite crystallizes in needles, or 
rhombic prisms, which are easily soluble in water and in 
alcohol. It has a sweet taste. 

Nitric acid converts mannite into saccharic acid (which see) . 
When boiled with concentrated hjdriodic acid, it is converted 
into secondary hexyl iodide, CgHigl. 

Mannite hexa-nitrate (nitro-mannite), C6H8(O.N02)6» is 
formed by treating mannite with a mixture of concentrated 
sulphuric and nitric acids. It is a solid substance and is very 
explosive. (Analogy with nitro-glycerin.) 

Mannite hex-acetate, G6K8(O.C2H30)6, is formed by treat- 
ing mannite with acetic anhydride. Its formation, as well as 
that of the hexa-nitrate, shows that mannite is a hex-acid alcohol. 
For the purpose of making the acetates, acetic anhydride is 
sometimes used Instead of acet3'l chloride. In some cases in 

1 The manna of the Scriptures was obtained from llie \>Taxic\iftft ol Tcwaiwvna \jciJiXvio,. 
Jt contained do mannite, but a fiub/itance of Bimilar pio^^TWeA. 
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which the latter will not work, the former answers very well. 
Hence acetic anh3'dride has come into use as a reagent, which 
enables us to decide whether a substance under examination is 
or is not an alcohol ; and, if it is, to which class (whether 
mon-acid, di-acid, tri-acid, etc.) it belongs. 

There are three varieties of mannite — the ordinary, known as 
dextro-mannite, and, further, levo-mannite^ and inactive mannite, 

Dulcite, C6H8(OH)6. — This occurs in a kind of manna 
obtained from Madagascar, the source of which, however, is 
unknown. It is fonned by treating sugar of milk or galactose 
with nascent hydrogen (compare with mannite in this respect) . 

Nitric acid oxidizes dulcite, forming mucic acid (which see), 
isomeric with saccharic acid, which is formed from mannite. 
Like mannite, when boiled with hydriodic acid it yields second- 
ary hexyl iodide, CeHigl. 

Sorbite, C6H8(OH)6. — Ordinary sorbite occurs in the berries 
of the mountain ash, and in many other fruits, as plums, cher- 
ries, apples, etc. It is formed by reduction of glucose. This 
variety is known as dextro-sorbite, because it is formed from 
glucose, which is dextro-rotatory. Levo-sorbite is also known, 
having been obtained by the reduction of one of the sugars. 



There are no hexorbasic acids known belonging to this series. 



Hept-acid Alcohols, etc. 

Perseite, CtHsCOH)?, occurs in the fruit and leaves of 
Laurus persea^ and has been made artificially from dextro- 
mannose. Man nose is an aldehyde, and therefore has the power 
to take up hydrocyanic acid. The compound thus formed can 
be transformed into an acid, and it is b}' reduction of this acid 
that perseite is made. It is also called dextro-mannoheptite, 
B}^ a similar reaction an oct-acid and a non-acid alcohol have 
been made. 



CHAPTER X. 

MIXED COMPOUNDS. -DERIVATIVES OP 

THE PARAFFINS. 

Under this head are included such compounds as belong 
at the same time to two or more of the chief classes already 
studied. Thus, there are substances which are at the same 
time alcohols and acids. There are others which are at the 
same time alcohols and aldehydes, alcohols and ketones, acids 
and ketones, etc. Fortunately, for our purpose, the number 
of compounds of this kind actually known is comparatively 
small, though among them are many of the most important 
natural compounds of carbon. The first class which presents 
itself is that of the alcohol acids or a^id alcohols; that is, sub- 
stances which combine within themselves the properties of both 
alcohol and acid. The}*^ are commonly called oxy-acids or 
kydrooDy-a^^ds. 

HyDROXY-ACIDS, CnHjfnOs. 

These acids may be regarded either as monobasic acids into 
which one alcoholic hydroxyl has been introduced, or as mon- 
acid alcohols into which one carboxyl has been introduced. As 
their acid properties are more prominent than the alcoholic 
properties, they are commonly referred to the acids. Running 
parallel, then, to the series of fatty acids, we may look for a 
series of bydroxy-acids, each of which differs from the corres- 
f>onding fatty acid by one atom of oxygen, or by coTitai\vv\^ Q.\Ska 
hydroxyl in the place of one hydrogen, tiaxia •. — 
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Fatty acids. Hydrozy'acida. 

Formic acid ... H .COgH HO.CO2H. 
Acetic acid . . . CH3.CO2H CH2<^]? . 

Propionic acid . . C2H5 .COjH C2H4 < . 

\j\jfH. 

etc. etc. 

The first member of the series, which by analogy would be 
called hydroxy-formic add, is nothing but the ordinary hypo- 
thetical carbonic acid. Although its relation to formic acid is 
the same as that of .the next member of the series to acetic 
acid, it certainly has no properties in common with the alcohols ; 
but, owing to its peculiar structure, it is a dibasic acid which 
the other members of the series are not. Nevertheless, it may 
be referred to here for the sake of a few of its derivatives, 
which are somewhat allied to those of the hydroxy-acids proper. 

Carbonic acid, H2COs(CO<Q^j.— It is believed that 

this body exists in solutions of carbon dioxide in water. All 
that is known about it is that it is a feeble dibasic acid, and 
breaks up into water and carbon dioxide whenever it is set free 
from its salts. We have seen that this instability is generally 
met with in compounds containing two hydroxyls in combina- 
tion with one carbon atom. 

Among the derivatives of carbonic acid which may be re- 
ferred to at this time are the ethereal salts. These may be 
made : — 

1. By treating silver carbonate, C0< ^, with the iodides 
of alcohol radicals ; as, for example, — 

CO < 2^g + 2 C2H J = CO < ^^^Hfi ^ 2 Agl. 

2. B}^ treating the alcohols with carbonyl chloride, COCI2:— 
. COCI2 + 2 C2H5OH = CO(,OC^^5^^ -V ^^^V 
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CI 

Ethyl ohlor-oarbonate, CO < z\^ „ . — This compound 
is made by treating alcohol with carbonyl chloride : — 

COCI2 + C2H5OH = CO < ^^ + HCl. 

OC2H5 

It may be regarded as the ethyl salt of mono-chlor-formic 
acid, Cl.COOH ; and, properly speaking, should be called ethyl 
chlor-formate. 

Carbon disulphide acts very much like carbon dioxide towards 
alkalies and alcohols, and thus a number of ether acids and 
ethereal salts containing sulphur can be made. Thus, when 
carbon disulphide is added to a solution of caustic potash in 

OC H 

alcohol, a potassium salt of the formula CS<^_^ ^ is formed. 

This is called potassium ocantJiogenate, The free xanthogenic 
acid is very unstable, breaking up into alcohol sfnd carbon 
disulphide. The formation of the salt is represented by the 
following equation : — 

CSa + KOH + CjHfiOH = OS < ^2.^^* + HgO. 

A similar salt made from ordinary amyl alcohol has been used 
for the purpose of destroying phylloxera, the insect, which is so 
destructive to grape-vines, particularly in the wine districts of 
France. 



General methods for the preparation of hydroxy-adds. The 
methods available for making the hydroxy-acids are modifica- 
tions of those used for making alcohols and acids. 

Starting with a mon-acid alcohol, we can make a hydroxy- 
acid b}'' the same methods which we used in making an acid 
from a hydrocarbon. Suppose, for example, that we are to 
make acetic acid from marsh gas. The reactions which we 
make use of are : (1) the preparation of a halogen derivative ; 
(2) conversion of the halogen deri\ati\e \xv\iO \JSifc vs^^\\»'^\i. 
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derivative ; and (3) conversion of the cyanogen derivative into 
the acid. We describe the results of these operations by saying 
that we have introduced carboxyl. By similar operations we 
can introduce carboxyl into methyl alcohol, and the product is 
, hydroxy-acetic acid. 

It is, however, generally better to start with an acid, and 
introduce hydroxyl. This can be done in several ways : — 

1. By treating a halogen derivative of an acid with water or 
silver hydroxide : — 

Brom-acetic acid. 

2. By treating an amido derivative of an acid with nitrous 
acid (see page 98) : — 

CHs<^^^ + HNO, = CH,<^" + N. + H3O. 

Amido-acetic acid. 

3. By treating -a sulphonic-add derivative of an acid with 
caustic potash : — 

SO2OH jj-^jj ^ (.jj OH 
CO2H ^ ' CO2H 

Sulpho-acetic acid. 

The first two of these reactions have been described and men- 
tioned as affording methods for the introduction of hj'droxyl 
into hydrocarbons. It will be seen that the only difference 
between the reactions used in making alcohols and those used 
in making hydroxy-acids is that in one case we start with the 
hydrocarbons, while in the other we start with the acids. 

Glycolic acid, hydroxy-acetic acid, oxy-acetio acid, 

C2H403[= CH2<p ?■_-). — Glycolic acid is found in nature in 

unripe grapes, and in the leaves of the wild grape {AmpeHqpm 
Aederaced). 



CH2< ^X'^^ + KOH = CH2 < ^^„ + KHSO3. 
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It can be made from glyeocoll, which is amido-acetic acid (see 
reaction 2, above), from brora- or chlor-acetic acid and water 
(see reaction 1, above), and by the oxidation of glycol: — 

CHjOH COgH 

I +02= I +HA 

CH2OH CH2OH 

Glycol. Glycolic acid. 

This consists in transforming one of the primary alcohol groups, 
CH2OH, contained in glycol into carboxyl. (What would be 
formed b}' conversion of both the primary alcohol groups of 
glycol into carboxyl ?) It can also be made by careful oxida- 
tion of ethyl alcohol with nitric acid. For this purpose a 
mixture of alcohol and nitric acid is allowed to stand until no 
further action takes place. 

Glycolic acid forms crystals which are easily soluble in water, 
alcohol, and ether. 

As an acid, glycolic acid forms a series of salts with metals, 
and ethereal salts with alcohol radicals.- The latter, of which 
ethyl glj'colate may be taken as an example, can be made by 
means of one of the reactions usually employed for making 
ethereal salts ; for example, by treating silver glycolate with 
ethyl iodide : — 

In this reaction, as well as in the formation of salts of glycolic 
acid, the alcoholic hydroxyl remains unchanged. 

As an alcohol, glycolic acid forms ethers of which ethyh 

glycolic acid^ CHj < ^^* '^j may serve as an example. It will be 

CO21T 

seen that this is isomeric with ethyl glycolate. But while the 
latter has alcoholic properties, the former has acid properties. 
Ethyl glycolate is a liquid which boils at 1G0°. P^thyl-gly colic 
acid is a liquid which boils at 206° to 207°. Penally, as an 
alcohol, glycolic acid forms ethereal salts, of which acetyl- 
glycolic acid may serve as an example. This \a ^l^e,Q.V\ft. ^jcA 
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in which the hydrogen of the hydroxy! is replaced by acetyl^ 

CH, < QQ ^T^ '^ 5 bearing, as will be seen, the same relation to 

glyeolic acid and acetic acid that ethyl acetate, CJB^ .O.CJ^fi^ 
bears to alcohol and acetic acid. 

Glyeolic acid and some of the other acids of the series lose 
water when heated^ and yield peculiar anhydrides. The prod- 
uct obtained from glyeolic acid is called glycolide. .. It has 
neither acid nor alcoholic properties, and is, therefore, be- 
lieved to be derived from glyeolic acid as represented in this ' 

equation : — 

r^jj CHa - O - CO 

CUUH CO -0-CH, 

Glycolide. 

Glycolide is insoluble in cold water. When boiled for a long 
time with water, it is converted into glyeolic acid. 

Lactic acids, hydroxy-propionic acids, oxy-propionic 

acids, C3H608f= O2H4 < qq ^j. — In speaking of propriouio 

acid, it was pointed out that two series of substitution-products 
of the acid are known, which are designated as the a- and )3- 
series. Accordingly we should expect to find two hydroxy- 
propionic acids, the a- and the )9-acid. Two lactic acids 
have been known for a long time. One of these is ordinary 
lactic add; the other a variety which is found in flesh, and 
hence called sarco-lactic add. But, strange to say, a thorough 
investigation of these two acids has proved that both must be 
represented by the same structural formula, as both conduct 
themselves in exactly the same waj' towards reagents. Further, 
two other hydroxy-propionic acids are certainly known. The 
facts then are these : four acids are known, all of which are 
hydroxy-propionic acids. Our theory enables us to foretell the 
existence of only two. Before discussing this apparent dis- 
crepancj let us briefly study the acids themselves. 
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1. Lactic acid, inactive ethylidene-lactic acid, a-hy- 

OH 

droxy-propionic acid, CHs.CH < Y^ __. — Lactic acid is 

made by the fermentation of sugar, as has already been 
described under Butyric Acid (which see). The process is 
carried out best by dissolving cane sugar and a little tartaric 
acid in water; then adding putrid cheese, milk, and zinc 
carbonate, the object of which is to prevent the solution from 
becoming acid, as the presence of free acid is fatal to the 
ferment. Lactic acid can also be made by fennentation of 
sugar of milk, and is hence contained in sour milk ; by boiling 
a-chlor-propionic acid with alkalies, — 

CH3.CH<^^^^ + K0H =CH3.CH<^^^ + KC1; 

and by treating alanine (a-amido-propionic acid) with nitrous 
acid, — 

Lactic acid is a thick liquid which mixes with water and with 
alcohol in all proportions. 

Treated with hydriodic acid, it is reduced to propionic acid. 
Treated with hydrobromic acid, it yields a-brom-propionic acid. 

2. Sarco-lactic acid, dextro-ethylidene-lactic acid, 

OH 

CHs . CH < pQ XT' — This acid occurs in the liquids expressed 

from meat. It is therefore contained in " extract of meat/' 
and can be obtained most readily from this source. 

Its properties are, for the most part, like those of inactive 
lactic acid, and its conduct towards reagents is in all respects 
the same. Its salts are somewhat more easily soluble than 
those of ordinary inactive lactic acid. The chief difference 
between the two is observed in the action towards polarlzLed 
Vight DextrO'lactic acid turns the plane ot ^o\^\\•L^^Aow \»c» "v^^^ 
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right. Its salts are all levo-rotatory. On the other haud, 
neither inactive lactic acid nor its salts exert any action upon 
polarized light.^ 

OH 

3. Levo-lactio acid, CH8.CH<qq g^.— A thu'd variety 

of ethylidene-lactic acid, which turns the plane of polarization to 
the left, is formed from cane sugar by the action of a certain 
ferment found in a spring-water. Both the dextro- and the 
levo-acids can also be obtained from the ordinary inactive variety 
by fractional crystallization of the strychnine salts. The rela- 
tions between these three acids are of the same kind as those 
existing: between the three varieties of tartaric acid. 



4. Hydraorylio acid, ) Cn20H 

r ' 

P-Hydroxy-propionio acid, J OH2 . CO2H 
Hydracrylic acid is made by boiling j8-iodo-propionic acid with 
water or silver oxide and water : — 



CH2I CH2.OH 

I +HHO= I +HI. 

GM2 • GO2H C£l2 • 002^ 

CH2 

It is made also by starting with ethylene, | . ' When this 
' " CH2 

hydrocarbon is treated with hypochlorous acid, HOCl, it is con- 

CH2CI 
verted into ethylene-chlorhydrine, | (which see). By 

CH2OH 

replacing the chlorine with cyanogen, and boiling the cyan- 

CH2OH 
hydrine, | , thus obtained, with an alkali, hydracrylic acid 

CH2CN 
is obtained. 

These reactions clearly show that hydracrylic acid is an 

ethylene compound, and, as it is made from )8-iodo- propionic 

* See active and inaclWe amy\ a\<io)ao\ft»^.\^. 
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acid by replacing the iodine with hydroxyl, it follows further 
that the ^-substitution-products of propionic acid are ethylene 
products, and that the a-products are ethylidene products (see 
p. 131). 

Hydracrylic acid is a syrup. Its salts differ markedly from 
those of the inactive and active lactic acids. When heated, it 
loses water and is transformed into acrylic acid, CH2.CH.CO2H 
(which see). 

The difference in conduct between ethylidene-lactic acid and 
ethylene-lactic acid, when heated, is interesting and suggestive. 
When ethylidene-lactic acid is heated, both its acid and alco- 
holic properties are destroyed, both the alcoholic and acid 
hydroxy Is taking part in the reaction. Whereas, when ethyl- 
ene-lactic acid is heated, only the alcoholic properties are 
destroyed, the carboxyl remaining intact. 

There are then more hydroxy-propionic acids known than our 
theory can account for. Other cases of this kind are known, 
and one very marked and especially interesting one will be 
taken up when tartaric acid is considered. It will be shown 
that just as there are two active lactic acids and an inactive one, 
so there are two active tartaric acids and an inactive one, which 
conduct themselves in the same way towards reagents, and 
must hence be represented by the same structural formula. 

Apparently we have here to deal with a new kind of isome- 
rism. Bodies may conduct themselves chemically in exactly 
the same way, and yet differ in some of their physical proper- 
ties, as in their action towards polarized light. To distiqguish 
this kind of isomerism from ordinary chemical isomerism it is 
called pJiy steal isomerism. 

An ingenious hypothesis has been put forward by way of 
explanation of that particular kind of physical isomerism which 
shows itself in the action of compounds upon polarized light. 
It must be remembered that our ordinary formulas have nothing 
whatever to do with the relations of the atoms and groups in 



164 



DERIVATIVES OF THE PARAFFINS. 



space. They indicate chemical relations which are discover^ 
by a study of chemical reactions. 

Let us suppose that in a carbon compound one carbon atom 
id situated at the centre of a tetrahedron, and that the four 
atoms or groups which it holds in combination are at the angles 
of the tetrahedron, as represented in Fig. 10. 

If these groups are all different in kind, and only in this 
case, it is possible to arrange them in two ways with reference 
to the carbon atom. The difference between the two arrange* 





ments is that which is observed between either one and its 
reflection in a mirror. Imperfectly the second arrangement 
of the figure above represented is shown in Fig. 11. 

A carbon atom, in combination with four different kinds of 
atoms or groups, is called an asymmetrical carbon atawt. When- 
ever, therefore, a compound contains an asymmetrical carbon 
atom, there are two possible arrangements of its parts in space 
which correspond to the two complementary tetrahedrons, viz., 
the right-handed and the left-handed tetrahedron. 

In ethylidene lactic acid there is an asymmetrical carbon atom, 

as shown by the ordinary formula, which may be written thus : 

H 

I 
CHj — C — OH, the central carbon atom appearing in combination 

CO^H 
with (1) hydrogen, (2) hydroxyl, (3) carboxyl, and (4) methyl 
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Hence, according to the hypothesis just stated, there ought to 
be two possible arrangements of the parts of a compound con- 
taining this group, one coiTesponding to the right-handed tetra- 
hedron, the other to the left-handed tetrahedron. Both would 
be ethylidene-lactic acids. The inactive variety is formed by 
the combination of the two active varieties, and must, therefore, 
have a greater molecular weight than these. - 

The branch of chemistry which has to deal with the kind of 
isomerism just referred to is called stereo-chemistry. 

We have seen that the sulphonic acids and carbonic acids are 
analogous : that, for example, methyl-sulphonic acid, CH3.SO3H, 
is analogous to methyl-carbonic or acetic acid, CH3 .COgH. Now, 
just as the hydroxy-acids above considered are derived from the 
carbonic acids by the introduction of hydroxyl, so we may have 
a series of hydroxy-acids derived in a similar way from the sul- 
phonic acids. Only one such acid is well known. It is — 

OH 

Isethionio acid, C2H4<soH' ^^®^ ^*^^®^ hydroxy-ethyl- 

sulpJionic acid. In composition it is analogous to the hydroxy- 
propionic acids. It is prepared by passing sulphur trioxide into 
well cooled alcohol or ether. 

Hydroxy-acids, C„H2n04. 

The acids just considered are called monohydroxy-monobasic 
acids. Similarly, there are dihydroxy -monobasic acids^ which 
are regarded as derived from the monohydroxy-acids by the 
Introduction of a second hydroxyl. Thus, if into lactic acid, 

CO H 

CHj .CH < qjt' 9 a second hydroxyl is introduced, the product 

CH2.OH 
I 
would have the formula CH.OH. This is the best known 

I 
CO2H 

dihydroxy-monobasic acid of the paraffin series. 
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/ OHjOHv 
Glyoerio acid, OsHsOi = OHOH I — This acid has been 

V CO2H / 

referred to as the first product of the oxidation of glycerin. It 
is prepared by allowing glycerin and nitric acid to stand together 
at the ordinary temperature for some time, and then heating on 
the water-bath. It can also be made by treating one of the 
chlor-lactic acids with water. 

An optically active variety of glyceric acid has been obtained 
from the inactive variety. 

Glyceric acid is a thick syrup which mixes with water and 
alcohol. When treated with very concentrated hydriodic acid, 
it is converted into ^-iodo-propionic acid. This conversion 
involves two reactions: — 

CH2OH CH2I 

I I 

(1) CHOH + HI = CHOH + H^O, and 

I I 

CO^H CO^H 

CH2I CH2I 

I I 

(2) CHOH + 2 HI = CH2 + H2O + 21. 

I I 

COjjH CO2H 

HyDROXY-ACIDS, CnH2n_205. 

The acids included under this head are monohydrooDy^dibcLsic 
ncids. They bear the same relation to the dibasic acids of the 
oxalic acid series that the simplest hydroxy-acids bear to the 
members of the formic acid series. The principal members of 
this series, and the only ones which will be considered, are 
tartronic acid and malic acid. 
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Tartronio acid, CsH405(=CH(OH)<^^^-^y — This acid 

is prepared by an indirect method from tartaric acid. It can 
be made, — 

(1) By boiling brom-malonic acid with silver oxide and 
water : — 

CHBr<^^»2 + AgOH = CH(OH)<^^^ + AgBr ; 

(2) By treating brom-cyan-acetic acid witli caustic potash ; — 
CHBr < ^ + 2 KOH + HjO 

= CH(OH) <coH+ ^^ "•" ^^'- 

Tartronic acid is a solid which crystallizes in prismatic crystals. 
It is easily soluble in water, alcohol, and ether. It melts at 
182°. At 155° it gives off carbon dioxide and water, and is 
converted into glycolide (which see) : — 

(1) CH(OH)<^OJ =CH=<C?.H + ^^»- 

Glycolic acid. 

^„ CHj - - CO 

(2) 2CH,<"" = I I +2 HA 

t.UUil CO - O - CH2 

Glycolide. 

NOTK FOR Student. — Compare reaction (1) with that which takes 
place when Iso-succlnic acid is heated, and note the analogy. 

Hydroxy-suooinio acids, aH605(=C2H3(OH)<^^=^^y — 

Three hydroxy-succinic acids have been described, the principal 
one being ordinary malic acid. 

/ CH(0H).C02H\ )f^ 

Malio aoid, CiHeOsl = • ). — This acid^Kery 

V CH2.CO,H / ^W 

widely distributed in the vegetable kingdom, as in the Wrries 

of the mountain ash, in apples, cherries, etc. 

It is .best prepared from the berrieB ot Wi^ mo\xw\ajyxv ^^ 
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which have not quite reached ripeness. The berries are pressed 
and boiled with milk of lime. The acid passes into solntion as 
the calcium salt, and this is purified by crystallization. 

It can also be made by treating aspartic acid, which is amide* 

CO H 

succinic acid, CoH8(NHj) < ^^*„, with nitrous acid, and by treat- 

CU2H 

ing tartaric acid with hydriodic acid. This latter reaction will 

be explained when tartaric acid is considered. Tartaric and 

malic acids are closely related to each other, and both are 

related to succinic acid, as will appear from the reactions. 

Malic acid is a solid substance which crystallizes with diffi- 
culty. It is very easily soluble in water and in alcohol. Its 
solutions turn the plane of polarization to the right or to the left^ 
according to the concentration. 

When heated it loses water and yields either fumaric or 
maleic acid (which see) , according to the temperature. These 
acids are isomeric, and both are represented by the formula 

C2H2< J^ . The reaction mentioned is represented by the 
following equation : — 

c^,(OH) < ^^ja = c,H, < ^^2H ^ j^Q 

Note for Student. — Compare this reaction with that which takes 
place when hydracryllc acid is heated, and note the analogy. 

When treated with hydriodic acid, malic acid is reduced to 
succinic acid. 

Note for Student. — Compare this reaction with the conduct of 
lactic and glyceric acids when treated with hydriodic acid. 

Treated with hydrobromic acid, malic acid is converted into 
mono-brom-succinic acid. 

The reactions just described show clearh^ that malic acid is 

hydroxy-succinic acid. Nevertheless, if hydroxy-succinic acid 

Isf made by treating brom-Bucclmc ae\d ^\t\i BAL^e^t oxide and 
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water, the product is not identical with ordinary malic acid, 
though the two resemble each other very closely. The acid 
thus obtained is — 

CO TT 

Inactive malio acid, CaBEstOH) < ^X^S' — Inactive malic 

acid can be made not only by the method first mentioned, but 
by several others, which indicate that the relation between it 
and succinic acid is that expressed in the formula given. It, 
like ordinary malic acid, is unquestionably a hydroxy-succinic 
acid, and both are derived from ordinary succinic acid. 

Other reactions for the preparation of inactive malic acid 
are, — 

( 1 ) By treating dichlor-propionic acid with potassium cyanide, 
and boiling the product with caustic potash : — 

CH2CI.CHCI.CO2H + KCN 

CH2CN 
= I +KC1; 

CHCI.CO2H 

CH2CN 

and I +2 KOH + H2O 

CHCI.CO2H 

= 1 + KCl + NHg. 

CH(0H).C02H 

(2) By heating fumaric acid with water : — 

(3) By reduction of racemic acid with hydriodic acid. Ra- 
cemic acid has the same composition as tartaric acid. The 
latter, wh^n treated with hydriodic acid, yields active malic 

acid. 

The pi:operties of inactive malic acid are very mwck Vk& 
i^oae of active malic acid. As regards lYievt (Aievfiioa^. c.o\^^»aV 
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they are almost identical. The principal difference between 
them is observed in their conduct towards polarized light. 
They present a new case of physical isomerism of the same 
kind as that referred to in connection with the lactic acids 
(which see). 

Dextro-xnalic acid. — Inactive malic acid bears the same 
relation to two active acids that inactive lactic acid bears to the 
two active varieties of that acid. When the cinchonine salt of 
inactive malic acid is subjected to fractional crystallization, two 
different salts are obtained. One of these is derived from 
ordinary levo-malic acid, while the other is derived from the 
isomeric dextro-malic acid. 

Hydroxy- ACIDS, CnHjn.sO*- 

These are di-hydroxy -dibasic acids. The chief members of 
the group are mesoxalic acid and the different modifications 
of tartaric acid. 

Mesoxalic acid, C8H406(^=C(OH)2<^^'^. — This add 

is obtained by indirect and rather complicated reactions from 
uric acid (which see). It has been made also by boiling di- 
brom-malonic acid with baryta-water. 

Note for Student. — Explain this reaction. 

The acid forms deliquescent needles. When boiled it loses 
carbon dioxide and water, and glyoxylic acid, which is an alde- 
hyde and acid related to oxalic acid, is formed : — 

m TT CHO 
C(OH),<^V^^^= I +CO, + H^. 

^"*^ CO,H 

Glyoxylic add. 

This acid affords an example of a very rare condition ; viz., 
the existence of a compound in which two hydroxyls are in 
combination with one and the t^aiae eoiboii ^\»ui. 
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Di-hydroxy-suooinio acids, 04H6Oi= C2H2(OH)2<qq g. ) 

CH(0H).C02H 

1 Tartaric acid, I . — Ordinary tartaric acid 

0H(OH).CO2H 

occurs very widely distributed in fruits, sometimes free, some- 
times in the form of the potassium or calcium salt; as, for 
example, in grapes, berries of the mountain ash, potatoes, 
cucumbers, etc., etc. 

It can be made by the following methods: — 

(1) By oxidizing sugar of milk with nitric acid; 

(2) Also by oxidizing cane sugar, starch, glucose, and othqr 
similar substances. 

Tartaric acid is prepared from " tartar,** which is impure 
acid potassium tartrate. When grape juice ferments this salt 
is deposited. It is purified by crystallization, converted into 
the calcium salt by treating it with chalk, and the calcium salt 
then decomposed bj' means of sulphuric acid. 

The acid crystallizes in large monoclinic prisms, which are 
easily soluble in water and alcohol. It melts at 135°. Its 
solution turns the plane of polarization to the right. 

Treated with hydriodic acid, tartaric acid yields first malic 
acid and then ordinary succinic acid : — 

(1) C^,(0H),<^^^^ + 2HI 

= QHs(OH)<^^^ + H,0 + I.; 

Malic acid. 

(2) C^,(OH) < ^^g + 2 HI 

Succinic acid. 

While malic acid is mono-hydroxy-succinic acid, ordinary 
tartaric acid appears to be di-hydroxy-Buccimci aci\^« ^\iX»,\x5.'^ 
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as we found that the malic acid prepared from mono-brom-sno- 
cinic acid is optically inactive, and therefore different from 
natural, active malic acid, so too it has been found that the 
tartaric acid prepared from di-brom-succinic acid is opticallj 
inactive, and therefore different from ordinary tartaric acid. 
The relations between the natural and the artificial acids will 
be considered more fully below. 

TaHratea, Among the salts the following may be mentioned 
specially : — 

Mono-potassium tartrate, KH.C4H4O6. This is the chief 
constituent of tartar. In pure form, as used in medicine, it is 
known as cream of tartar. 

Sodium-potassium tartrate, KNa . C4H40e + 4 H2O. This 
salt crystallizes very beautifully. It is known as Eochelle saU 
or Seignette salt. 

Calcium tartrate, Ca.C4H40e+ 4 HgO. This salt occurs in 
senna leaves and in grapes. It forms a crystalline powder or 
rhombic octahedrons. 

Potassium - antimonyl tartrate, K ( SbO ) . C4H40e + -J- H2O. 
This is known as tartar emetic. It is prepared by digesting 
antimonic oxide with mono-potassium tartrate. It crystallizes 
in rhombic octahedrons. It loses its water of crystallization at 
100°, and at 200 to 220° is converted into an antimony potas- 
sium salt of the formula KSb.C4H206. 

2. Bacexnic acid, CiHeOe + HiO. — Racemic acid occurs, 
together with tartaric acid, in many kinds of grapes, and, on 
recrystallizing the crude tartar, acid potassium racemate, being 
more soluble than the tartrate, remains in the mother liquors. 
Racemic acid is formed b}' boiling ordinary tartaric acid with 
water, or with hydrochloric acid. If tartaric acid is heated 
with water in sealed tubes at 175°, it is almost completely 
transformed into racemic acid. It is formed further by oxida- 
tion of dulcite, mannite, cane sugar, gum, etc., with nitric 
acid. It, together with a third variety of tartaric a>cid, known as 
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inactive tartaric addy is Jbrmed when dibrorri'Succinic add is 
treated with silver oxide and water, 

Racemic acid differs from tartaric acid in many ways. It 
crystallizes differently, and contains water of crystallization. 
It is less soluble than tartaric acid. It produces precipitates 
in solutions of lime salts, while tartaric acid does not. Racemic 
add is optically inactive^ while tartaric acid is dextro-rotatory. 
On the other hand^ racemic and tartaric acids conduct them- 
selves towards most reagents exactly alike. 

The relations between racemic and tartaric acid are the same 
as those which have already been referred to as existing between 
inactive malic acid and dextro-malic acid, and between inactive 
lactic and dextro-lactic acid. This case is, however, of special 
interest, as it was the first one of the kind studied. The relations 
were discovered by means of the experiment described below. 

When a solution of ammonium-sodium racemate, 

(NH4)Na.C4H406, 

is allowed to evaporate spontaneously, beautiful large crystals 
are deposited. On examining these carefully, they are found 
to be of two kinds. On the crystals of one kind certain hemi- 
hedral faces are developed, while on the crystals of the other 
kind the complementary hemihedral faces are developed; so 
that if a crystal of one kind is placed in front of a mirror, 
its reflection will represent the arrangement of the hemihedral 
faces met with on a crystal of the other kind. The crystals 
can be separated into right-handed^ or those which have the 
right-handed hemihedral faces, and left-handed^ or those which 
have the left-handed hemihedral faces. 

On separating the acid from the right-handed crystals it is 
found to he ordinary dextro-rotatory tartaric add; while the 
acid from the left-handed crystals is an isomeric substance 
called loBVO-rotatory tartaric add. When these two varieties 
of tartaric acid are brought together in solution, they unite, the 
action being attended by an elevation ot \.em\>^T^\xvtfe^ ^\v^ X\v.<i. 
restdi ts racemic acid. 
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We see thus that the inactive raeemic acid consistB of two 
optically active substances in combination, one of which, ordinary 
tartaric acid, is dextro-rotatory, and the other levo-rotatory. 

As has already been stated, both inactive malic acid and 
inactive lactic acid have been resolved into two active varietieB, 
one of which is dextro-rotatorj^ and the other levo-rotatory. 

Inactive tartaric acid is very similar to raeemic acid. 
It is formed together with raeemic acid by treating dibrom- 
succinic acid with silver oxide and water. The inactivity of 
this acid is believed to be due to a different arrangement of the 
groups about the two asymmetrical carbon atoms. 

HtDROX Y-ACIDS , Cn Hj n _ 4 O7 . 

These are mono-hydroxy-tribasic adds. Citric acid is the 
only one known. 

Citric acid, CsHsOt + HgOf = C3H4(OH) ] CO2H ). — Citric 

\ ( CO2H/ 

acid, like malic and tartaric acids, is very widely distributed in 

nature in many varieties of fruit, especially in lemons, in which 
it occurs in the free condition. It is found in currants, whortle- 
berries, raspbeiTies, gooseberries, etc., etc. 

It is prepared from lemon juice. This is allowed to ferment 
and is then treated with lime. The lime salt thus obtained 
in the form of a precipitate, is collected, and decomposed with 
sulphuric acid. 100 parts of lemons yield 5^ parts of the acid. 

Citric acid crystallizes in rhombic prisms which are very easily 
soluble in water. The crystallized acid melts at 100°, the. 
anhydrous at 153° to 154°. Heated to 175° it loses water and 
yields aconitic acid (which see) : — 

rCOaH rCOgH 

CgH^COH) } CO2H = C3H3 ] CO2H -f- HjO. 
L CO2H ( CO2H 
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Note for Student. — Compare with formation of acrylic from 
hydracrylic acid ; and of maleXc and furaaric acids ftrom malic acid. 

Aconitic acid takes up hydrogen, and is transfonned into tri- 

earballylic acid (which see) . Thus a clear connection between 

tricarballylic acid and citric acid is traced, the latter appearing 

as hydroxy-tricarballylic acid. Citric acid has been made arti- 

• ficially by a somewhat complicated method. 

When subjected to dry distillation, citric acid loses both water 

and carbon dioxide, and yields dtraconic add. C,H^< ^ , 

COjjH' 

(which see) ; if heated with water or dilute sulphuric acid to 

CO H 

160° it yields itaconic add, C^K^<]^^*^, (which see). 

CO2H 

(CO2H 
CaH,(OH) j CO2H = C3H, I ^^^ + H2O + CO2. 



(cOoH 



^2J 

Oitraconic or ita- 
conic acid. 



Note for Student. — What relation, as far as composition is 

{CO H 
nr\xT bear to 

fumaric and malel'c acids? By distillation of what acid are the two 
latter formed? 

Citrates. A few of the salts of citric acid are mentioned : — 

Mono-potassium dtrate, KHa.CeHjOy -|- 2 H2O ; 

Di-potassium citrate, K2H .CgHgOj ; 

Tri-potassium dtrate, Kg.CeHgOj + HgO. All these potas- 
sium salts are easily soluble in water. They are made by 
mixing citric acid and potassium carbonate in the right pro- 
portions. 

Caldum dtrate^ 083(0611507)2 + 4 H2O. This salt is formed 
by mixing a citrate of an alkali with calcium chloride. It is 
more easily soluble in cold than in hot water; hence boiling 
causes a precipitate in dilute solutions. 

Magnesium dtra^te, Mg3(06H507)2 -1-14 HgO. This is made by 
dissolving magnesia in citric acid. It is vxa^^ m vckfc^wivaa. 
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HtDBOXY-ACTOS, CnH2n_s08. 

There are tTf^o acids to be considered under this head. The; 
are isomeric, and both are tetrorhydroxy-dibasic. 

Saccharic acid, C6Hio08r= C4H4(OH)4<^^ j. — Saccharic 

acid is formed by the oxidation of cane sugar, glucose, or sugar 
of milk with nitric acid. 

To prepare it, it is best to treat ordinary sugar with dilate 
nitric acid. Oxalic acid is formed at the same time. 

It is an amorphous mass, which becomes solid only witii 
difficulty. When treated with hydriodic acid it is converted 
into adipic acid, a member of the oxalic acid series (see table, 
pajge 142) : — 

QH,(0H)4 < ^^ + 8 HI = CHg < ^^^ + 4 H^ + 8 1. 

Baccbaric acid. Adipio acid. 

Note for Student. — What relations exist between hexane, man- 
nite, adipic acid, and saccharic acid? 

Mucic acid, 06Hio08(=C4H4(OH)4<^q'^\— Mucic acid 

is formed by oxidizing sugar of milk, the gums, or dulcite, with 
nitric acid. 

It is best prepared by boiling sugar of milk witih ordinary 
nitric acid. Oxalic and tartaric acids are formed at the same 
time. 

It is a crystalline powder which is very difficultly soluble in 
cold water. Hydriodic acid converts it into adipic add (see 
above, under Saccharic Acid). 



CHAPTER XL 
CARBOHYDRATES. 

Among the mixed compounds are the important substances 
commonly known as carbohydrates. This name was originally 
given to them because they consist of carbon in combination 
with hydrogen and oxygen, which two elements are present 
in the proportion to form water, as shown in the formulas, for 
glucose, CeHigOe, starch, CeHioOg, etc. In view of recent dis- 
coveries the name is no longer strictly accurate, as some sub- 
stances belonging to this group are now known that do not 
contain hydrogen and oxygen in the proportion to form water. 
Such a substance, for example, is rhamnose, CeHiaOg. The 
name carbohydrate has, however, been used so long that it 
would be difficult to supplant it. 

The carbohydrates may be conveniently classified under three 
heads. These are : — 

1 . Monosaccharides or simple sugars. 

Examples of these are glucose, fructose, arabinose, and 
mannose. 

2. Polysaccharides or complex sugars. 

Examples are cane sugar, sugar of milk, maltose, and 
isomaltose. 

3. Polysa>ccharideSy not resembling sugars. 
Examples are cellulose, starch, and gums. 

The monosaccharides are the simplest carbohydrates. Those 
that are best known have the composition, CeHigOe, and are 
related to the hex-acid alcohols, sorbite and mannite, C6H8(OH)6. 
There are, however, simpler ones, such as arabinose, CaHioOs, 
erythrose, CiHgO^, and glycerose, CaR^Oa^ ax^"^ ^o\ikfc X5aaX» ^>x<^ 
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more complex, as heptose, C7H14O7, octose, CgHuOs, and noDOse, 
C9H18O9. The monosaccharides, therefore, fall into classes 
which are called trioses, tetroses, pentoses, hexoses, etc., accord- 
ing to the number of oxygen atoms contained in them. 

By methods which will be explained below, it has been shown 
that the monosaccharides or simple sugars are oMehyde-alcohoU 
or ketone-alcohols, 

1. M0NOSAOOHARIDE8. 

A. Trioses and Tetroses. 

Glycerose, CsHeOs. — This sugar deserves special mention 
as being the simplest member of the group of monosaccharides, 
and as having been obtained artificially. It is formed by treat- 
ing glycerin with mild oxidizing agents, as, for example, bromine 
and sodium hydroxide. It is a mixture of glyceric aldehyde 
and dioxyacetone, the relations of which to glycerin are shown 
by the following formulas : — 

CH2OH CHO CH2OH 

I I I 

CHOH CHOH CO 

I I I 

CH2OH CH2OH CH2OH 

Glycerin. Glyceric aldehyde. Diozy-acetone. 

Glycerose is a syrup that undergoes fermentation and re- 
duces alkaline solutions of copper salts, acting thus like many 
of the sugars, as will be shown. 

Erythose, C4H8O4, has been obtained from erythrite in the 
same way that glj'cerose is obtained from glycerin. 

B. Pentoses, 

Arabinoses, OsHioOs. — Ordinary arabinose is obtained 
from cherry gum by boiling with dilute sulphuric acid. This 
variety is called levo-arahinose, ow aecoxraX* ol \\s» "t^Vatlon to 
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levo-glucose and levo-mannose^ althoagh it turns the plane of 
polarization to the right. Dextrcxirabinose ^ and inactive arabi- 
nose have also been obtained, the latter by combination of the 
levo and dextro varieties. 

Xylose, CsHioOs, is obtained from wood gum by boiling 
with dilute acids. 

Bhamnose, C6H12O6, has been obtained by the breaking 
down of a number of natural substances, such as quercitrin. It 
has been shown to be a methyl derivative of a pentose, and is 
therefore to be represented by the formula CHj . C5H9O5. 

C. Hexoses, 

Glucose, errape sugrar (dextrose), C6H12O6 Glucose 

occurs very widely distributed in the vegetable kingdom, 
especially in sweet fruits, in which it is found together with an 
equivalent quantity of fructose or fruit sugar. It is also found 
in honey, together with fructose ; and, further, in the blood, in 
the liver, and in the urine ; and in the disease Diabetes mellituSj 
the quantity contained in the urine is largely increased, reaching 
as high as 8 to 10 per cent. 

Glucose is formed from several of the carbohydrates of the 
formulas C12H22O11 and CeHioOg, by boiling with dilute mineral 
acids, or by the action of ferments. The formation from cane 
sugar takes place according to this equation, equivalent quanti- 
ties of glucose and fructose being formed : — 

G12H22OU + HjO = C6H12O6 + C6H12O6. 

Cane sugar. Glucose. Fructose. 

Starch, cellulose, and dextrin yield glucose according to this 
equation : — 

CcHjoOs + H2O = CJ3.j2^e' 

1 Instead of using the prefixes dextro-, levo-, and the word inactive, it is customary 
to use the letters d-, Ut and »-. Thus the three arablnoaea ax« ca^\e^ t^v^cttiCc'i^'^ ^l^kcv 
hinoBB, l-turabinoBe, and i-anbino»e. 
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Finally, glacose occurs in nature, in combination with a 
number of carbon compounds, in the so-called glucosides. These 
break up easily when treated with dilute mineral acids or fer- 
ments, and yield glucose as one of the products (see Glucpsides). 
Examples of the glucosides are amygdalin, sesculin, salicin, etc. 

Glucose is prepared on the large scale from corn starch in 
the United States, and from potato starch in Germany. The 
transfoimation is usually effected by boiling with dilute sul- 
phuric acid. The excess of acid is removed by treating the 
solutions with chalk, and filtering. The filtered solutions are 
evaporated down either to a syrupy consistency, and sent into 
the market under the names "glucose," " mixing syrup," etc., 
or to dryness, the solid product being known in commerce as 
"grape sugar." By evaporating the solutioQS down to such 
a concentration that they contain from 12 to 15 per cent of 
glucose, crystals are formed which closely resemble those of 
cane sugar. They consist of anhydrous grape sugar. Their 
formation is facilitated by adding a little of the crystallized 
substance to the concentrated solutions. 

If in the treatment of starch with sulphuric acid the trans- 
formation is not complete, and this is usually the case, the 
product is a mixture of glucose, maltose, and dextrin. The 
longer the action continues, the larger the percentage of glucose. 

Glucose crystallizes from concentrated solutions, usually in 
crystalline masses consisting of minute six-sided plates. The 
mass, as seen in commercial " granulated grape sugar," looks 
very much like granulated sugar. It crystallizes from alcohol 
in monoclinic crystals. The sweetness of glucose is to that of 
cane sugar as 3 to 5. Its solutions turn the plane of polariza- 
tion to the right 

Glucose is easily oxidized, reducing the salts of silver and 

copper. When treated with nascent hydrogen, it yields Sorbite 

(which see) . Under the influence of yeast it ferments, yielding 

mainly alcohol and carbon dioxide. Putrid cheese transforms 

it firat into Jactic acid and t\ienm\x>\i\x\.^tvi«b^\^\y3>3sx^%^-Qa^^^ 

lactic acid fermentation. 
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Glucose forms compounds with metals and salts. Among 
the better known compounds of this kind are those mentioned 
below : — 

Sodium glucose .... CeHuOc . Na ; 

Sodium chlonde glucose . 2 CaHujOe . NaCl + HgO ; 

also CeHigOe . NaCl + i HoO, and CgHiaOe . 2 NaCl. These com- 
pounds, with sodium chloride, crystallize well, and can be easily 
obtained in pure condition. 

Cupric oxide glucose . . . CgHigOe.SCuO. 

By treatment with acetic anhydride, glucose yields a product 
containing five acetyl groups, pent-acet^^l-glucose, 

CgHj ( C2H3O) sOg. 

NoTB FOR Student. — What does the formation of this compound 
indicate ? 

It is often important to know the quantity of glucose con- 
tained in a given liquid ; as, for example, in the urine in a case 
of suspected diabetes. For the purpose of making the estima- 
tion, advantage is taken of the action of glucose towards an 
alkaline solution of copper sulphate. The solution commonly 
used is that known as Fehling^s solution. It is prepared by 
dissolving 34. 64*^ crystallized pure copper sulphate in water, 
adding a solution of 200*^ potassium sodium tartrate, and 600^ 
to 700« caustic soda of the specific gravity 1.12, and diluting 
so that the whole makes one litre. 

Experiment 38. Make half the quantity of Fehling's solution 
above mentioned, and put in a bottle with a glass stopper. In a test- 
tube boil about l(y^ of this solution, and then add a few drops of a 
dilute solution of glucose. Continue to boil, and add a little more of 
the glucose solution ; and so on, until, on removing the tube from the 
lamp, a dark-red uniform-looking precipitate settles, leaving the liquid 
above it perfectly clear and colorless. This precipitate is cuprous 
oxide. By taking proper precautions, the exact amount of glucose 
present in a solution can be estimated in tViis Y^tt^. 
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Ordinary glucose is known as d-glucose on acconnt of its 
dextro-rotatory power. Both Z-glucose and i-glucose have been 
made. 

Fructose, fruit sugar (levulose), 06HuOe.--This sugar 
occurs together with glucose, and in equivalent quantities, in 
fruits ; and is formed by the action of dilute mineral acids, or 
ferments, on cane sugar. Pure fructose is obtained by heating 
inulin, a carbohydrate of the formula Ci2HaoOio, with very dilute 
acids. It is also formed by the oxidation of d-mannite. 

Ordinary fiiictose is called d-fructose, although it turns the 
plane of polarization to the left The reason for this is that it 
is related to other substances that are dextro-rotatory. 

Fructose can be obtained in the form of crystals. It is about 
as sweet as cane sugar, and has been proposed as a substitute 
for this in diabetes. 

i-Pructose has been made artificially in three ways: 1. By 
polymerisation of formic aldehyde, CH2O, under the influence 
of bases ; 2. By successive treatment of acrolein with bromine 
and baryta water; and 3.^y ^^^ action of a weak alkali on 
the glycerose obtained by oxidation of glycerin. 

When i-f ructose is treated with yeast, it is partly transformed 
by the ferment into alcohol and carbon dioxide. It is the 
d-fructose contained in it that undergoes the change, while the 
^fructose remains behind unchanged, and can thus be obtained 
free from the other two varieties. 

Constitution of glucose and fructose. — Two reactions have 
been of special value in the determination of the constitution 
of the members of the group of monosaccharides. 

a. When either an aldehyde or an acetone is treated with 
hydrocyanic acid, an addition-product is formed thus : — 

H H 

" I OH 



CH8.C=0 + HCN = CH3.C< 



CN ' 



an, ^^«>C=0 + HC^ 41\>^<'S.- 
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The products can be converted into corresponding acids by 

the change of the cyanogen group into carboxyl. By the aid 

of these reactions it has been shown that glucose is an aldehyde, 

and fructose a ketone, of these formulas : — 

CH2OH 
CHO I 

I CO 

(CH0H)4 I 

I (CH0H)3 

CH2OH I 

CH2OH 

Glucose. Fructose. 

By adding hydrocyanic acid to glucose, transforming the 
nitrile into the acid, and reducing the acid, the product obtained 
was found to be a noi-mal acid of the formula CH3 . (CH2)5.C02H ; 
while the product obtained in the same way from fructose was 
found to have the formula 

(0112)3. CHs. 

These facts can onl^^ be explained on the assumption that 
glucose and fructose have the formulas above assigned to them. 

6. When an aldehyde or an acetone is treated with phenyl- 

hvdrazine, C6H5.NH.NH2, a reaction takes place, as represented 

in this equation : — 

H H 

I I 

R.C=0 + H2N.NHC6H5=R.C=N.NHC6H5 + H20. 

The products thus formed are called hydrazones. 
The sugars form hydrazones, and if an excess of phenyl- 
hydrazine is used, a second reaction takes place involving the 
introduction of a second residue of phenylhydrazine. The 
products thus formed are called osazones. Thus from both 
glucose and fructose an osazone of the formula 

CH20H(CHOn)3.C~C 

II II 
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These osazones have made the thorough investigation of the 
sugars possible, as they are almost insoluble in water and have 
characteristic properties. By their aid sugars can be separated 
from their solutions, and can be recognized. The osazones 
can be converted into sugars. 

Mannose, C6H12O6. — d-Mannose is one of the products of 
oxidation of cZ-mannite, and is obtained by the action of dilute 
acids on some kinds of cellulose. The shavings formed in the 
manufacture of buttons from vegetable ivory are rich in the 
cellulose which yields d-mannose. 

i^'Mannose and i-mannose have also been prepared. 

The mannoses are aldehj'des, and are stereoisomeric with 
glucose. 

Galactose, C6H12O6 — d-Galactose is formed by treatment 
of sugar of milk with dilute acids, d-glucose being formed at 
the same time. Other carbohydrates also yield it. l- and 
i-galactoses are known. By reduction d- and ^galactoses are 
transformed into dulcite. By oxydation all three galactoses 
yield mucic acid. 

2. Polysaccharides or Complex Sugars. 

Cane sugar, O12H22O11. — This well-known variety of sugar 
occurs very widely distributed in nature, in sugar cane, sorghum, 
the Java palm, the sugar maple, beets, madder root, coffee, 
walnuts, hazel nuts, sweet and bitter almonds ; in the blossoms 
of many plants ; in honey, etc., etc. 

It is obtained mainly from the sugar cane and from beets. 
In either case the processes of extraction and refining are largely 
mechanical. When sugar cane is used, this is macerated with 
water to dissolve the sugar. Thus a dark-colored solution is 
obtained. This is evaporated, and then passed through filters 
of bone-black which remove the coloring matter. The solu- 
tion is evaporated in the air to some extent, and then in 
large vessels called " vacuum paus^'* from which the air is 
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partly exhausted, so that the boiling takes place at a lower 
temperature than would be required under the ordinary pres- 
sure of the atmosphere. The mixture of crystals and mother 
liquors obtained from the "vacuum pans" is freed from the 
liquid by being brought into the " centrifugals." These are 
funnel-shaped sieves which are revolved verj^ rapidly, the liquid 
being thus thrown by centrifugal force through the openings 
of the sieve, while the crystals remain behind and are thus 
nearly dried. The final drying is effected by placing the crys- 
tals in a warm room. 

When beets are used the process is essentially the same, 
though there are some differences in the details. 

The mother liquors which are obtained from the " centrif- 
ugals " are further evaporated, and yield lower grades of sugar ; 
and, finally, a syrup is obtained which does not crystallize. 
This is molasses. Molasses is sometimes brought into the 
market as such ; sometimes, paiiicularly when obtained from 
beet sugar, it is allowed to ferment for the purpose of making 
alcohol. The spent wash, or waste liquor, " vinasse," is now 
evaporated to dryness and calcined for the purpose of getting 
the alkaline salts contained in the residues. The products of 
distillation are collected, and from them tri-methyl-amine is 
separated (see p. 96). 

Sugar crystallizes from water in well-formed, large mono- 
clinic prisms. It is dextro-rotatory. When heated to 210° to 
220°, cane sugar loses water, and is converted into the substance 
called caramel, which is more or less brown in color, according 
to the duration of the heating and the temperature reached. 
Boiled with dilute acids, cane sugar is split into equal parts 
of glucose and fructose, as has been stated. The mixture of 
the two is called inveH-sugar. The process is called inversion. 
It takes place, to some extent, when impure sugar is allowed 
to stand. Hence invert-sugar is contained in the brown sugars 
found in the market. Yeast gradually transforms cane sugar 
into glucose and fructose, and these then unAev^o l^\T£i"^\i\»w^\'^^ 
Cane sugar itself does not ferment. 
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Experiment 39. Arrange two pieces of apparatus as in Exp. 7 
tn one put 40s to 50s grape sugar and a certain quantity of yeast, as 
^ Exp. 7; in the otlier put the same amount of cane sugar and of 
feast. Notice the diflTerence. 

Cane sugar does not reduce an alkaline solution of copper 
sulphate. 

Bxperiment 40. Prepare a dilute solution of cane sugar by dis- 
solving 18 to 28 in 200CC water. Test this with Eehling's solution, 
as in Exp. 38. Now add to the sugar solution 10 drops concentrated 
hydrocliloric acid, and heat for half an hour on the water-bath at 
100^; exactly neutralize the acid with a dilute solution of sodium 
carbonate, and test with Fehling's solution. 

Oxidizing agents readily convert cane sugar into oxalic acid 
(see Exp. 34) and saccharic acid. 

Like glucose, cane sugar forms compounds with metals, 
metallic oxides, and salts. Among these the following may 
be mentioned : — 

Sodium 8%icraJte . . • . C12H21O11 . Na, 

Sodium-chloride s aerate . . C12H22O11 . NaCl, 

Calcium sucrate .... C12H20O11 . Ca, 

and Lime sucrate C12H22OU. 2 CaO. 

These derivatives are not sweet. 

An oct-acetate of the formula Ci2Hi4(C2H30)80u has been 
made by treating sugar with sodium acetate and acetic anhy- 
dride. 

Though cane sugar readily breaks up into glucose and fruc- 
tose, no one has succeeded as yet in effecting the union of these 
two substances to form cane sugar. The character of the rela- 
tion between it and the two monosaccharides is not understood. 

Sugar of milk, lactose, O12H22O11 4- H2O. — This sugar 

occurs in the milk of all mammals, and is obtained in tiie manu- 

facture of cheese. The casein \a ae^^x^V^^ Ixovxi V^is^ \a\lk b^ 

\ 
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means of rennet; the sugar of milk remains in solution, is 
separated by evaporation, and purified by reerystallization. It 
crystallizes in rhombic crystals. That which comes into the 
market has been crystallized on strings or wood splinters. It 
has a slightly sweet taste ; is much less soluble in water than 
cane sugar, and is dextro-rotatory. It reduces Fehling's solu- 
tion. Oxidized with nitric acid, it yields mucic and saccharic 
acids. Nascent hydrogen converts S-ogar of milk into mannite, 
dulcite, and other substances. Like glucose and cane sugar, 
it forms compounds with bases, dissolving lime, baryta, lead 
oxide, etc. 

Sugar of milk ferments under certain circumstances, and 
is thus converted into lactic acid. The souring of milk is a 
result of this fermentation. The lactic acid formed coagulates 
the casein ; hence the thickening. 

Maltose, O12H22O11. — This carbohydrate is formed by the 
action of malt on starch. Malt, which is made by steeping 
barley in water until it germinates, and then drying it, contains 
a substance called diastase^ which has the power of effecting 
changes similar to some of those effected by the ferments. 
Thus, it acts upon starch, and converts it into dextrin and 
maltose : — 

3 CgHioOa -|- H2O = C12H22O11 -(- CeHjoOg. 

Starch. Maltose. Dextrin. 

Maltose is also formed by the action of dilute sulphuric acid 
upon starch, and is hence contained in commercial glucoses. 
By further treatment witli sulphuric acid it is converted into 
glucose. Maltose crystallizes in fine needles ; is dextro-rota- 
tory ; reduces Fehling*s solution, and ferments with yeast. 

3. Polysaccharides, not Resembling Sugars. 

Cellulose, (OeHioOs)*. — Cellulose forms the ground work 
of all vegetable tissues. It presents different appearances 
and different properties, according to Ibe aov\TCife 1\o\dl ^\svs^ *^ 
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IS obtained ; but these differences are due to substances with 
which the cellulose is mixed ; and ^hea they are removed, 
the cellulose left behind is the same thing, no matter what 
its source may have been. The coarse wood of trees, as well 
as the tender shoots of the most delicate plants, all contain 
cellulose as an essential constituent. It forms the membrane 
of the cells. Cotton-wool, hemp, and flax consist almost 
wholly of cellulose. 

For the preparation of cellulose, either Swedish filter-paper 
or cotton-wool may be taken. 

Experiment 41. Treat some cotton-wool snccesslvely with ether, 
alcohol, water, a caustic alka'J, and, finally, a dilute acid. Then wasb 
with water. 

Cellulose is amorphous; insoluble in all ordinary solveutB; 
soluble in an ammoniacal solution of ciipric oxide. It dis- 
solves in concentrated sulphuric acid. If the solution is 
diluted and boiled, the cellulose is converted into dextrin 
and glucose. It will tlms be seen that rags, paper, and 
wood, which consist largely of cellulose, might be used for 
the preitaraliou of ghicose, and coiisefjiieutjy of alcohol. 

Dissolve a sheet or two ot tilli;r-paper In as smsll 

lh) sulphuric acid as will sntRce; dilute with 

litre, and boil for an hour. 

Lite; fliter; evaporate; and 



.ulose. — Cellulose has 

them the power to 

treated with nitric 

ghoci'iii forms the nitrates 

Iphiirii.' and nitric acids, 
lower nilLikti-s, partionlarly the 
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tetra- and penta-nitrates. A solution of these in a mixture of 
ether and alcohol is known as coUodion solution, which is much 
used in photography. When poured upon any surface, such as 
glass, the ether and alcohol rapidly evaporate, leaving a thin 
coating of the nitrates which were in solution. 

When treated for twenty-four hours at 10° with a mixture 
of nitric and sulphuric acids, cellulose yields the hexa-nitrate 
Ci2Hi404(0. N02)69 which is used as an explosive under the 
name of gun cotton. It is used chiefly for blasting. 

An intimate mixture of gun cotton and camphor has come 
into extensive use under the name of celluloid. As it is plastic 
at a slightly elevated temperature, it can easily be moulded into 
any desired shape. When it cools it hardens. 

Paper. — Paper in its many forms consists mainly of cellu- 
lose. The essential features in the manufacture of paper are, 
first, the disintegration of the substances used. This is effected 
partly mechanically, and partly by boiling with caustic soda. 
The mass is converted into pulp by means of knives placed on 
rollers. The pulp, with the necessary quantity of water, is 
then passed between rollers. Chiefly rags of cotton or linen 
are used in the manufacture of paper; wood and straw are 
also used. 

Starch, (OeHioOs)*. — Starch is found everywhere in the vege- 
table kingdom in large quantity, particularly in all kinds of 
grain, as maize, wheat, etc. ; in tubers, as the potato, arrow- 
root, etc. ; in fruits, as chestnuts, acorns, etc. 

In the United States starch is manufactured mainly from 
maize ; in Europe, from potatoes. 

The processes involved in the manufacture of starch are 
mostly mechanical. The maize is first treated with warm 
water ; the softened grain is then ground between stones, a 
stream of water running continuously into the mill. The thin 
paste which is carried away is brought upon €>\e\^^ ol ^^^\i<^^ 
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ing-clotb^ which are kept in constant motion. The starch passes 
through with the water as a milky fluid, and this is allowed to 
settle when the water is drawn off. The starch is next treated 
with water containing a little alkali (caustic soda, or sodium 
carbonate), the, object of which is to dissolve gluten, oil, etc. 
The mixture is now brought into shallow, long wooden runs, 
where the starch is deposited, the alkaline water running off. 
Finally, the starch is washed with water, and dried at a low 
teraperatui'e. 

Starch has a granular structure, the grains as seen under the 
microscope having a series of concentric markings, the nucleus 
of which is at one side. 

Starch in its usual condition is insoluble in water. If ground 
with cold water, it is partly dissolved. If heated with water, 
the membranes of the starch-cells are broken, and the contents 
form a partial solution. On cooling, it forms a transparent 
jelly called starch paste. 

With iodine, starch paste gives a deep blue color ; with bro- 
mine, a yellow color. 

Experiment 43. Make some starch paste thus : Pat a few grams 
of starch 1 in an evaporating dish; pour enough cold water upon it to 
cover it ; grind it under the water with a pestle, and then pour 200"^ to 
300<5<= hot water upon it. When this is cool, add a few drops to a litre 
of water, and then add a few drops of potassium iodide. As long as 
the iodine is in combination with the potassium no change of color 
takes place ; but if the iodine is set free by the addition of a drop or 
two of chlorine water, or of strong nitric acid, the entire liquid turns 
a beautiful dark blue. The cause of this color is the formation of a 
very unstable compound of starch and iodine. The color is easily 
destroyed by a slight excess of chlorine water (try it In a test-tube) ; 
by alkalies (try it) ; by sulphurous acid (try it) ; by hydrogen sulphide 
(try it) ; etc. It is also destroyed by heating. (Heat some of the 
solution in a test-tube, and let it stand.) The color reappears on 
cooling. 

1 The purest form of starch to he found in the market is that made from arrow-root 
Ordinary «tarch contains other substancea which eomelimes interfere with the reactions. 
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Experiment 44. Use some of the starch paste in studying the 
effect of bromine upon it. Use dilute solutions. The bromine must 
be ill the free condition. 

It has been stated that starch is converted into dextrin, mal- 
tose, and glucose by dilute acids; and that diastase converts 
it into maltose and dextrin. 

Experiment 46. Add 20<» concentrated hydrochloric acid to 200'^ 
of the starch paste already made, and heat for two hours on the water- 
bath, connecting the flask with an inverted condenser (see Fig. 8). 
Then examine with Fehling's solution. Test, also, some of the original 
starch paste with Fehling's solution. 

Dextrin, CeHioOs. — Dextrin, as has been stated, is formed 
by treating starch with dilute acids or diastase. It is converted 
by further treatment with acids into glucose. The substance 
ordinarily called dextrin has been shown to be a mixture of 
several isomeric substances which resemble each other very 
closely. The mixture is an uncrystallizable solid. It is 
strongly dextro-rotatory; gives a red color with iodine, and 
does not reduce Fehling's solution. It is used extensively as 
a substitute ;f(^ gum. 

Gums. — Under this head are included a number of sub- 
stances which occur in nature. One of the best known is gum 
ardbic^ which is obtained in Senegambia from the bark of trees 
belonging to the Acacia variety. Its formula, like that of cane 
sugar, is C12H22OU. Other gums are wood gum^ obtained from 
the birch, ash, beech, etc. ; ba^sorin, the chief constituent of 
gum tragacanth, etc. 

Our knowledge of the chemistry of these gums is very limited. 



CHAPTER XII. 
MIXED COMPOUNDS CONTAINING NITROGEN. 

In speaking of the preparation of dibasic acids from mono- 
basic acids, reference was made to cyan-acetic and the two 
cyan-propionic acids. These are nothing but simple cyanogen 
substitution-products analogous to chlor-acetic and the two 
chlor-propionic acids. They are made by treating the chlorine 
products with potassium cyanide. They have been useful 
chiefly in the preparation of dibasic acids, as described in con- 
nection with malonic and the two succinic acids. It will there- 
fore not be necessary to consider them individually here. 

Note for Student. — How can malonic be made from acetic acid ; 
and the two succinic acids from propionic acid ? Give the equations. 

The chief substances to be considered under the head of 
mixed compounds containing nitrogen are the amido-acids and 
the acid amides. As will be seen, both these classes of sub- 
stances are of special interest, as they represent forms of com- 
bination which are favorite ones in nature, especially in the 
animal kingdom, some of the most important substances found 
in the animal body, such as urea, uric acid, glycocoU, etc., 
belonging to one or both the classes, 

Amido-acids. 

The relation of an amido-acid to the simple acid is, as the 
name implies, the same as that of an amido derivative of a 
hydrocarbon to the hydrocarbon. That is to say, it may be 
regarded as the acid in which a hydrogen is replaced by the 
ftmido group, NHj. Thus, amido-acetic acid is represented 
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by the formula CH2<^^Vr; while amido-methane, or methyl- 

00211 

amine is represented thus, CH3.NH2. The reasons for regard- 
mg methjl-amine as a substituted ammonia, as represented, 
have been stated. The formula is based upon the reactions 
of the substance ; that is, upon its chemical conduct and the 
methods used in its preparation. The same arguments lead 
in the same way to the view that the amido-acids are 
substituted ammonias, and, at the same time, acids. The 
simplest method for their preparation consists in treating 
halogen derivatives of the acids with ammonia ; thus amido- 
acetic acid can be made by treating brom-acetic acid with 
ammonia : — 

Note for Student. — Compare this reaction with that made use 
of for making methyl-amine. 

NH2 
Amido-formic acid, carbaznic acid, I . — This acid 

CO2H 

is not known in the free condition. Its ammonium salt, 

NH, 

I , is formed when carbon dioxide and ammonia are 

COjNH^ 

brought together : — 

NH2 

I 

CO2 + 2 NHg = CO2NH4. 

The other carbamates are prepared from the ammonium 
salt. They are decomposed, yielding carbonates and ammonia. 
Thus, when potassium carbamate is warmed in water solution, 
decomposition takes place, as represented in the equation, — 

NH2.CO2K + H2O = NH3 + HKCO3. 

The ethereal salts of carbamic acid are readily made by 
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treating the ethereal salts of chlor-fonnic acid (see p. 157) 
with ammonia: — 

CI NHg 

I • I 

COAH5 + 2 NH3 = CO.CgHs + NH4CI. 

Amido-formic acid cannot be taken as a fair representative 
of the amido-acids, any more than carbonic acid can be taken 
as a fair representative of the hydroxy-acids. 

GlyoocoU. glycine. > ^^^^r ^^ < N^ y _ j^ ^te 

amido-acetic acid, ) V CO2H/ 

bile are contained two complicated acids, which are known as 
glycocholic and taurocholic acids. When glycocholic acid is 
boiled with hydrochloric acid, it breaks up, yielding cholic acid 
and glycocoll. In the urine of horses is found an acid known 
as hippuiic acid. When this is boiled with hydrochloric acid, 
it breaks up into benzoic acid and glycocoll. 

When uric acid is treated with hydriodic acid, glycocoll is 
one of the products. Further, glycocoll is formed when glue 
is boiled with baryta water or dilute sulphuric acid. Its forma- 
tion from brom-acetic acid and ammonia, mentioned above, gives 
the clearest indication in regard to its relation to acetic acid. 

Amido-acetic acid has both acid and basic properties. It 
unites with acids, forming weak salts ; and it acts upon bases, 
giving salts with metals, — the amido-acetates. It also unites 
with salts, forming double compounds. 

Examples of the compounds with acids are the 

HydrocUonde . . . . CH2<^?^^^^\ 



and the mtrate CU^K^^"^"^"^^^^^ 



NH2.HNO 

CO2H 
of the salts with metals, 



Zinc amidO'Ocetate . . Zn(C2H4N02)2+ H2O, 
and Copper amidO'Ocetate . Cu(C2H4N02)2+ H2O ; 
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of the compounds with salts, the double salt of 

Copper nUrate \Qxi{^0,)„Cvi{Q^1^0,),^2n,0. 

and Copper amido-acetcUe, ) 

Treated with nitrous acid, glycocoll is converted into hydroxy- 
acetic acid. 

Note for Student. — Write the equation representing the reaction 
which takes place when glycocoll is treated with nitrous acid. 

/ NTT CTT \ 

Sarcosine, methyl-glyoocoll, 03H7NO2[= OHa<^Q '„ A. 

If brom -acetic acid is treated with methyl-amine instead of 
with ammonia, a reaction takes place similar to that which takes 
place with ammonia, the product being methyl glycocoll or sarco- 
sine: — 

CH, < ^ + 2 NH, = CH, < ^^^^ + NH.Br ; and 

CH, < ^^ ^ + 2 CH3 . NH, = CH, < ^^^^' + NH3(CH,) Br. 

Sarcosine. 

Sarcosine is a product of the decomposition of creatine, which 
is found in flesh, and of caffeine, which is a constituent of coffee 
and tea. It is obtained from creatine and caffeine by boiling 
them with baryta water. 

Its properties are much like those of glycocoll. 

Amido-propionic acids, O3H7NO2. — These acids bear to 
propionic acid relations similar to that which amido-acetic acid 
bears to acetic acid. There are two, corresponding to a- and 
)5-chlor-propionic acids, from which they are made. They are 
not found in nature. Their properties are much like those of 
glycocoll. . 

Note for Student. — Wliat substances would be formed by treat- 
ing the two amido-propionic acids witii nitrous acids? 

Among the amido derivatives of the higher members of the 
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/atty acid series, that of caproic acid should be specially men- 
tioned. 

Leucine, a-amido-oaproio acid, 

CfiHisNOa [=0H3 . OH2 . OH2 . OH2 . CHCNHj) . CO2H ] . 
Leucine is found very widely distributed in the animal kingdom, 
as in the spleen, pancreas, and brain. It has also been found 
in the vegetable kingdom in a few plants. It is produced by 
the decomposition of substances containing albumin or gelatin. 
It has been made by treating a-brom-caproic acid with ammonia. 

Amido-sulphonic Acids. 

Just as there are amido derivatives of the carbonic acids, 
so, too, there are amido derivatives of the sulphonic acids. 
Only one of these need be considered. 

Taurine, 1 P tt xtrh f-rvr <^ ^Os^^ 

Amido-isethionio acid, i o^MtJNSUs^^- 02±i4^ ^^^^^ 

Taurine is found in combination with cholic acid in taurocholic 
acid, in ox bile and the bile of many animals, as well a^ in 

other animal liquids. It has been made synthetically from 

OH 
isethionic acid, CaH^ < , by treating the acid successively 

with phosphorus pentachloride and ammonia : — 

^^^^ < SO.OH + 2 PCI. = C^ < CJ^^^j + 2 K)Cl3 + 2 HCl; 

iBethionic acid. Ohior-ethyl-sulphon-chloride. 

Chlor-ethyl-sulphonic acid. 
Taurine. 

Taurine crystallizes in large tetragonal prisms. It is a very 
stable substance, and can be boiled with concentrated acids with 
out decomposition. With nitrous acids it yields isethionic acid 

It unites with bases forming salts. 
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The only amido-dibasic acid which" need be considered is 
amido-succinic acid. 

Aspartic acid. }o^W=Oja3(NH.)<gg^g). 

Amido-succinic acid, J \ COaHy 

Aspartic acid occurs in pumpkin seeds, and is frequently 
met with as a product of boiling various natural compounds 
with dilute acids. Thus, for example, it is formed when casein 
and albumin are treated in this wa3\ It is formed also when 
asparagine (which see) is boiled with acids or alkalies. 

Aspartic acid crj'stallizes. It turns the plane of polarization, 
inder some circumstances to the right, under others to the left. 

Treated with nitrous acid it yields malic acid. 

AcTD Amides. 

When the ammonium salt of acetic acid is heated, it gives off 
water, and a body distils over which is known as acetamide. 
The reaction which takes place is represented by the following 
equation : — 

CH3.COONH4 = CH3.CONH2 + H2O. 

The substance obtained has neither acid nor basic properties. 
An examination of the ammonium salts of other acids shows 
that the reaction is a general one, and a class of neutral bodies, 
known as the add amides^ can thus be obtained. 

As no one of the acid amides of the fatty acid series is of 
special importance, a few words of a general character in regard 
to the class will suflSce. 

Besides the reaction above referred to for making the acid 
amides, there are two others of general application. One con- 
sists in treating an ethereal salt of an acid with ammonia ; 
thus, when ethyl acetate is treated with ammonia ^ this reaction 

takes place : — 

• ■■ ■ • •. 

CHa.COAH, + NH3 = CHa.CONft, + CsH^O. -. 
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The other reaction consists in treating the acid chlorides with 
ammonia. Thus, to get acetamide, we may treat acetyl chloride 
(see p. 61) with ammonia: — 

CH3.COCI + 2NH8 = CH3.CONH2 + NH4CI. 

This last reaction is perhaps used most frequently. It shows 
the relation that exists between acetic acid and acetamide. 
For acetyl chloride is made from acetic acid by treatment with 
phosphorus trichloride, and is, therefore, as has been pointed 
out, to be regarded as acetic acid in which the hydroxjl is 
replaced by chlorine. Now, by treatment with ammonia the 
same reaction takes place as that which we have had to deal 
with in the preparation of amido-acids, the chlorine is replaced 
by the amido group. Therefore, acetamide is acetic acid in 
which the hydroxy 1 is replaced by the amido group, as shown 
in the formulas : — 

O O 

I I 

CH3.C-OH CHs-C-NHjj. 

Acetic acid. Acetamide. 

* 

As the acid hydrogen of the acid is replaced, the amide is not 
an acid. On the other hand, the basic properties of the am- 
monia are destroyed by the presence of the acid residue as a. 
part of its composition. This latter fact may be stated i 
another way ; viz., when an ammOnia residue is in combination 
with carbon, which in turn is in combination with oxygen, it -a 
basic properties are destroyed. 

The amides are converted into ammonia and a salt whe^ 
boiled with strong bases : — 

CHs.CONHjs + KOH = CH3CO2K + NH3. 

They are converted into cyanides by treatment with phoc 
phoms pentoxide P2O5 : — 

CH3.CONH2 = CH3.CN + H2O. 

U Hw fiutotanee, obtained in t\i\s \^«^^ \^ id^nUcal with mefhjJ 
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syanide, which is formed by treating methyl-sulpha ric acid witb 
potassium cyanide, the reaction furnishes additional evidence 
in favor of the conclusion already reached ; viz., that in the 
cyanides the carbon and not the nitrogen of the cyanogen 
group is in combination with the hydrocarbon residue, as repre- 
sented in the formula CII,— C— N. 

As acetamide is made by treating ammonia wiHi the chloride 
of acetic acid, ao, by treating ammonia with the chloride of any 
acid, the corresponding amide can he made. So, also, by treat- 
ing ammonia with acid chlorides, or by treating acid amides with 
strong acids, more complicated compounds can be obtained. 

i Of these di-aoelamide, NHi Z,' ,^Z,, and Iri-acetamide, K-J C,H,0, 
f '■'^'""'^ IcAO 

> may serve as examples. The relations of these substances to 

t ammonia and to acetic add are shown by the formulas, <Hdiiiary 

[ or mon-acetamide being NH, . CiHgO or CH, . CO . NH^ 




Big. 12. 

Experiment 16. Arrange an apparatus as shown in Fig. 12. In 
flask A put 50« oxalic acid (deliydrated at 100") and 50! absolute alco- 
hol ; and, in Saak B, 50« aksolute alcohol. Heat the YitAVi D \a VW ■, 
and then beat the alcohol in flask B to boiling, a.vi4 coii\.VKMft \« -^a** 
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the vapor from flask B into the mixture in flask A, meanwhile allowing 
the temperature of the oil-bath to rise to 126°-130°. A mixture of 
alcohol and ethyl oxalate will distil over, while the ethyl oxalate will 
De mostly in flask A, Add concentrated ammonia to some of the ethyl 
oxalate. Oxamide is thrown down as a white powder. What reactions 
have taken place? Write the equations. Filter •ff the oxamide, and 
wash it with water. See whether it conducts itself like an acid. Has 
it an acid reaction? Boil with caustic potash (not too much), and 
notice whether ammonia is given oflT. Why does it dissolve? How can 
the oxalic acid be extracted from the solution? 

When Ae amide of a poly-basic acid is boiled with ammo- 
nia, and under some other circumstances, partial decomposition 
takes place, and a substance is formed which is both amide and 

acid. Thus, in the case of oxamide, the product is oxamic 

CO,H 
addy 1 . This acid forms well-characterized salts and 

CONHj 

other derivatives such as are obtained from acids in general. 
There is one acid of this kind which is a well-known natural 
. substance. It has already been referred to in connection with 
aspartic acid, which is closely related to it. It is 

Asparagine, aznido-succinaznic acid, 

C4H8N2O8 + n,of= C^HsCNH^) <^^^^^y— Asparaginei 

found in many plants, as in asparagus, liquorice, beets, peas, 
beans, vetches, etc. It can be made by treating mon-ethjl- 
amido-succinate with ammonia. 

Note for Student. — What reaction takes place ? Write tto 
equation. 

Asparagine forms large rhombic crystals, difficnltly solnble 
in cold water, more easily in hot water. When boiled witk 
acids or alkalies^ it is converted into aspartic acid and ammonii 

Note for Student. — Notice that only the amide group of th 
amide is driven out of the compound by this treatment. The otltfj 
ttnldo group which is contained in the hydrocarbon portion of Ae 
lomponnd is not disturbed. ||} 

^*>x>Ufl acid converls aap2ki9L^\Tife \\!to ^JoaJaJi %jS»ii» 
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Cyan-amides, ON2H2. — In speaking of cyanic acid, the 
existence of two chlorides of cyanogen was mentioned: one 
a liquid, having the formula CNCl ; the other a solid, of the 
formula CsNgCls. When the former is treated with ammonia, 
it is converted into an amide, CN . NH2, which bears to cyanic 
acid, CN.OH, the relation of an amide. Like the other 
simple compounds of cyanogen, cj'an-amide readily undergoes 
change. When simply kept unmolested, it is converted into 
di-cyan-diamide^ C2N4H4; while, when heated to 150°, a violent 
reaction takes place, and tri-cyan-triamide^ CsNgHe, is formed. 
; The latter compound is also called melamine and cyanuramide^ 
\ and from certain methods of formation it is concluded that 
it is the amide of cyanuric acid. It is a strong mon-acid 
base. The formation of these compounds is particularly 
interesting, as illustrating the tendency on the part of the 
simpler cyanides to undergo change under slight provo- 
cation. 

Guanidine, ON3H5. — This substance, which is closely related 
to cyan-amide, is formed by the oxidation of guanine (which 
see), and this in turn is obtained from guano. It can also be 
J^ade by treating cyanogen iodide with ammonia : — 

CNI + 2NH3 = CN3H5.HI, 
^l^e product being the hydriodic acid salt of guanidine. As 

^ill be seen, guanidine is cyan-amide plus ammonia : — 

CN . NH2 + NH3 = CN3H5. 

It is a strongly alkaline base. Boiled with dilute sulphuric 
^cid or baryta water, it yields urea and ammonia : — > 

CNgH^ + H2O = CON2H4 + NHg. 

Guanidine. Urea. 

CreatJne, C4H9N3O2. — This substance \& lovroA Vcl \3siA 
muscles of all animals. It is closely related \iO gQLm\^Yttfe «sA 
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also to sarcosine (see p. 195). It has been made synthetically 

by bringing cyan-amide and sarcosine together. The reaction 

which takes place is analogous to that made use of for the 

preparation of guanidine. The analogy is shown by the two 

equations, — 

CN . NHa + NHs = CNgH^, 

Guanidine. 

or (CN2H8.NH2), 
and CN-NHa + N ] CH3 = CN2H3. N | ^^« 



( CH2 .CO2H Creatine. ^ ^Hg .COoH, 

or C4H9N3O2. 



12 .v^v^2J 
Sarcosine. 



Urea, or carbamide and derivatives. — Closely related 
to the nitrogen compounds just considered is urea, or the 
amide of carbonic acid. Its importance and certain peculiari- 
ties distinguish it from the other acid amides, and it is there- 
fore considered by itself. 

Urea is found in the urine and blood of all mammals, .and 
particularly in the urine of carnivorous animals. Human 
urine contains from 2 to 3 per cent ; the quantity given off by 
an adult man in 24 hours being about 30^. Urea can be made 
by the following methods : — 
• (1) By treating carbonyl chloride with ammonia : — 

COCI2 + 2 NHg = CON2H, + 2 HCl. 
What is the analogous reaction for the preparation of acetamide? 

(2) By heating ammonium carbamate : — 

^^<v!^^ = ^o:s,ii, + H2O. 
0NH4 

What is the analogous reaction for preparing oxamide? 

(3) By treating ethyl carbonate with ammonia : — 

C0<^^2jJ* + 2NH8 = CON2H4 + 2C^0. 
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(4) By the addition of water to cyan-amide : — 

CN . NHa + H2O = CON2H4. 

(5) By evaporation of ammonium cyanate in aqueous solu- 

tion: — 

CN(0NH4) = CON2H4. 

This reaction is of special interest, for the reason that it 
aflTorded the first example of the formation, by artificial methods 
from inorganic substances, of an organic compound found in 
the animal body (see p. 1). 
Urea is most readily obtained from urine. 

Experiment 47« Evaporate four or five litres fresh urine to a thin, 
syrnpy consistence. After cooling add ordinary concentrated nitric 
acid, when crystals of urea nitrate are obtained. Filter, wash, and 
recrystaUize from moderately coiicenti*ated nitric acid. When the 
crystals of urea nitrate are white, dissolve again in water, and add 
finely-powdered barium carbonate. The nitric acid forms barium 
nitrate, and the urea is left in free condition. Evaporate to dryness, 
and from the residue extract the urea with strong alcohol. 

Experiment 48. Make potassium cyanate as directed in Experi- 
ments 24, p. 82, and 26, p. 83. Extract the cyanate with cold water, and 
add a solution of ammonium sulphate containing as much of the salt aa 
there was used of potassium ferrocyanide in the preparation of the 
cyanate. Evaporate to a small volume, and allow to cool. Potassium 
sulphate will crystallize out. Filter this off, and evaporate to dryness. 
Extract with alcohol. The urea will crystallize from the alcoholic 
solution when it is brought to the proper concentration. Give all the 
reactions involved in passing from potassium ferrocyanide to urea. 
Compare the urea made artificially with that made from urine. 

Urea crystallizes from alcohol in large quadratic prisms, 
which melt at 132°. 

Experiment 49. Determine the melting-points of both the natural 
^fi*! artificial specimens of urea. 

Urea is easily soluble in water and alcohol. Heated with water 
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in a sealed tube to 100°, it breaks up into carbon dioxide 
and ammonia : — 

CON2H4 + H2O = CO2 + 2 NHg. 

The same decomposition of the urea takes place spontaneoush 
when urine is allowed to stand. Hence the odor of ^mmonis 
is always noticed in the neighborhood of urinals which are nol 
kept thoroughly clean. 

Sodium hypochlorite or hypobromite decomposes urea intc 
carbon dioxide, nitrogen, and water : — 

CON2H4 + 3 NaOCl = Na^COg + NaCl + Ng + H2O + 2 HCl. 

Experiment 50. To a solution of 20« sodfum hydroxide in 100<=< 
water add about 5^ bromine, and shake well. Make a solution of ures 
in water, and add to the solution of the hypobromite. An evolutior 
of gas will be noticed, showing that the urea is decomposed. 

Nitrous acid acts in the same way : — 

CON2H4 + 2 HNO2 = CO2 + N4 + 3 H2O. 

When heated, urea loses ammonia, and yields first biuret. 
and finally cyanuric add (see p. 84) : — 

2CO(NH2)2= C2H5N3O2 + NH3; 

Biuret. 

3CO(NH2)2= C3H3O3N8 + 3NH3. 

Cyanuric acid. 

Urea unites with acids, bases, and salts. The hydrogen 0I 
the amido groups can be replaced by acid or alcohol radicals 

NH C* H O 

giving compounds of which acetyl urea, C0< ' ^ 3^^ ^j^^ 

NHC H ■^■'12 

ethyl urea, CO < ^ ^, are examples. 

Among the compounds with acids, the following may b( 
mentioned : urea hydrochloride, CH4N2O . HCl ; urea nitrate. 
CH4N2O . HNOg ; and urea phosphate, CH4N2O . H3PO4. Witt 
metals it forms such compounds as that with mercuric oxide. 
HgO.CH4N20 ; with silver, CHgNgO. Agg, etc. With salts it forms 
/such compounds as HgC\9.Cll4N<iO,Il^O.CK^^.iO.HNO^, etc. 
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Substituted ureas, — that is, those derivatives of urea which 
(K)ntain hydrocarbon residues in place of one or all the hydrogen 
atoms, — can be made from the cyanates of substituted ammo- 
nias. The fundamental reaction is the spontaneous transforma- 
tion of ammonium cyanate into urea : — 

CN.ONH4 = COCNHOa. 

In the same way, cyanates of substituted ammonias are trans- 
formed into substituted ureas : — 

CN .ONHs .C2H5 = CO < ^JJ^'^' ; 

CN.ONHsCCaHs)^ = CO < ^^x^^^^^*'' etc. 

NHg 

The urea derivatives which contain acid radicals are made by 
treating urea with the acid chlorides : — 

C0<S5' + C2H3OCI = CO <^^-^2H30^ jj(.j 
^^^2 NH2 

Acetyl urea. 

KoTE FOR Student. — In what sense is acetyl urea analogous to 
acetamide? 

There are several derivatives of urea and radicals of dibasic 
*<^id8, as oxalic and malonic acids, which are of special interest, 
*^ they are closely related to uric acid ; and their formation from 
^*iis acid has thrown much needed light upon the inner nature of 
*J^^ acid. 

Parabanio acid, 1 _, „ ^^ ^ / OO.NH \ 

^ ,, VO3H2N2O3 = I >COl.— Parabanic 

Oxalylurea, J V OO.NH / 

^^id is formed by boiling uric acid with strong nitric acid and 

^tiher oxidizing agents, and by treating a mixture of urea and 

*^^alic acid with phosphorus trichloride : — 

0^0^ + CO(NHo)2= C8H5iN,0^ -V ^^c,0. 
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It acts like an acid. Its salts readily pass over into salts of 
QXdduric acid (which see) . Treated with alkalies it breaks up 

into utea and oxalic acid. As will be seen, parabanic acid is 

CO.NH2 
analogous to oxamide, | ' , the residue of urea acting the 

CO.NHj 

part of the two amido groups. 

/ OO.OH \ 

Oxaluric acid, 03H4N2Oa= OO.HN.CO.NhJ, bears to 
parabanic acid the same relation that oxamic acid bears to 
oxamide. It occurs in the form of the ammonium salt in small 
quantity in human urine. 

Barbituric acid, malonyl urea, 

O4H4N2O3 + 2 H,0 ( = CH2 < ^Q S5 > 00 y — Barbituric 

acid, like parabanic acid, is a product ootained from uric acid. 
It has been made artificially by treating a mixture of malonic 
acid and urea with phosphorus oxichloride : — 

CH2< ^^^^ + CO <^^2 ^ CH ^ CO. NH (.^ 2 jj^ 
' COOH NHa ' CO.NH ' 

Treated with an alkali, barbituric acid breaks up into malonic 
acid and urea. 

The relation of the acid to malonic acid and urea is the same 
as that of parabanic acid to oxalic acid and urea. 

Sulpho-urea, OS(NH2)2. — This substance is formed by 
heating ammonium sulpho-cyanate, the reaction which takes 
place being analogous to that by which urea is formed from 
ammonium cyanate : — 

CNSNH4 = CS(NH2)2. 

» 

A number of derivatives of sulpho-urea have been made. 
They resemble those obtained from urea 
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Urio acid, C5H4N4O8. — Uric acid occurs in human urine, 
in certain urinary calculi, in the urine of carnivorous animals, 
and of birds. The excrement of serpents consists almosC 
entirely of ammonium urate. It has been made by heating 
together amido-acetic acid and urea, and by other methods. 

Uric acid is best prepared either from serpents' excrement or 
guano. 

It forms a crystalline powder, which is almost insoluble in 
water. It is a monobasic acid, though weak compounds with the 
alkali metals can be made which contain two atoms of metal 
in the molecule. 

Uric acid has been the subject of a large number of inter- 
esting investigations, and many derivatives have been obtained 
from it. It would only tend to confusion to give an account of 
manj' of these derivatives here. Hence only a few of the trans- 
formations which have been effected, and which give an insight 
into the nature of the acid, will be mentioned. 

1. By heating uric acid, ammonia, hydrocyanic acid and urea 
are formed. 

2. Heated with hydr iodic acid, it yields carbon dioxide, ammo- 
nia, and glycine : — 

C5H4N4O8 + 5 H2O = 3 CO2 + 3 NH3 + C2H5NO2. 

3. Oxidizing agents convert uric acid either into allantotn, 
a complicated substance of the formula C4HeN403, or alloxan^ 
C4H2N2O4, which is closely related to parabanic acid, or oxalyl 
urea (see p. 206), and barbituric acid, or malonyl urea (see 
p. 206) . 

Xanthine, O5H4N4O2, is found in some rare urinary calculi 
and in several animal liquids. It is formed by the action of 
nitrous acid on guanine, C5H5N5O : — 

C^^^O + HNO2 = C,H4N402 + H2O + N2. 
It has been shown that this transformation involves 
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the replacement of an imide group, NH, by an atom of 
oxygen. 

Theobromine, ) i^ ▼▼ ^x ^ r ^ ^^ .r^-r^ ^ v^ ^ -. . 

substance found in chocolate prepared from the seed of the 
cacao tree. It has been made by treating the lead compound 
of xanthine with methyl iodide. 

Caffeine, theine, trimethyl-xanthine, 

08HioN402 + H20[=C5H(CH3)3N402 + H20], is the active 
constituent of coffee and tea. It has been made from theo- 
bromine by the introduction of a third methyl group. 

Thus, as will be seen, a close connection is established 
between the active constituents of coffee, tea, and chocolate on 
the one hand, and xanthine and guanine on the other. 

Guanine, C5H5N50[= C6H3(NH2)N40], is found principaUy 
in guano, from which it is prepared. Nitrous acid converts it 
into xanthine. Oxidizing agents convert it into guanidine, 
CN3H5 (seep. 199). 



Retrospect. 

Before passing on to the next "division of our subject, it will 
be well to pause and consider briefly what we have learned 
thus far. 

In the first place, all the compounds which we have considered 
may be regarded as derived from the marsh-gas hydrocarbons 
or paraffins. 

' By replacing the hydrogen atoms of these hydrocarbons with 
chlorine, bromine, or iodine, we get (1) the substitution-products 
of the hydrocarbons. 

By introducing hydroxyl into a hydrocarbon in place of 
hydrogen, we get the bodiea caYL^d {^^ oicofiols^ of which 
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there are three classes : (a) the primary^ (6) the secondary^ 
and (c) the tertiary alcohols. 

By oxidizing piimarj' alcohols we get (3) aldehydes. 

By oxidizing secondary alcohols we get (4) ketones. 

By oxidizing alcohols, aldehydes, and ketones, we get (5) 
acids. 

Acids and alcohols act upon each other, forming (6) ethereal 
sdUs, and alcohols can be converted into (7) ethers. 

Corresponding to the oxygen derivatives, we met with com- 
poonds containing sulphur, as (8) the sulphur alcohols^ or 
mercaptans; (9) the sulphur ethers; and (10) the sulphonic 
adds. 

Next, we found compounds containing nitrogen. Under this 
head we considered cyanogen^ and the allied compounds hydro- 
cyantc^f cyanic^ and sulpho-cyanic adds. Allied to these we 
found (11) the cyanides, and (12) the isocyanides; (13) the 
cyanaies, and (14) the isocyanates; (15) the sidpho-cyanates, 
and (16) the iso-sulpho-cyanates or mustard oils. 

Finally, we found (17) compounds containing metals in combi- 
nation with radicals. 

Representatives of these various classes of compounds were 
studied, and the relations between them j)ointed out. 

We found poly-add alcohols and poly-basic adds. 

Under the head of mioced compounds were found compounds 
which belong at the same time to two or more of the funda- 
mental classes, as the hydroxy-acids^ the carbo-hydrates, and 
the amido-adds, A consideration of the amido-acids and 
the acid amides brought us naturally to the consideration of 
urea and its derivatives, and of uric acid and its derivatives. 

We turn now to a new class of compounds, known as unsatU' 
rated compounds. 



CHAPTER XIIL 

UNSATURATED CARBON COMPOUNDS. — DIS- 
TINCTION BETWEEN SATURATED AND 
UNSATURATED COMPOUNDS. 

All the compounds thus far studied are generally called 
saturated compounds. This is ceitainly an appropriate name 
as far as the hydrocarbons themselves and some of the classes 
of their derivatives are concerned. The expression " saturated" 
is intended to signify that the compounds have no power to unite 
directl}' with other compounds or elements. Thus marsh gas 
cannot be made to unite directly with anything. Bromine, for 
example, must first displace hydrogen before it can enter into 
combination 

CH4 + Br2 = CHsBr -f HBr. 

The compound is saturated. 

On the other hand, a compound which can take up elements 
or other compounds directly is called unsaturated. Thus, phos-. 
phorus trichloride is unsaturated, for it has the power to take 
up two chlorine atoms thus : — 

PCI3 + CI2 = PCI,. 

Ammonia is unsaturated, for it can take up other elements : — 

NHo + HCl = NH.Cl. 
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The condition of unsaturation is met with among carbon 
compounds in several forms : — 

First. The aldehydes act like unsaturated compounds, as 
shown in their power to take up ammonia, hydrocyanic acid, 
and other substances. 

Second, The ketones also act like unsaturated compounds, 
though their power in this way is less marked than that of the' 
aldehydes. 

Third, The substituted ammonias are unsaturated, in the 
same sense in which ammonia itself is unsaturated. 

Fourth, The cyanides take up hydrogen directly, and are 
therefore unsaturated also. 

In the substituted ammonias the unsaturation is due to the 
same cause as that in ammonia. In them the nitrogen is tri- 
valent. In contact with certain substances it becomes quin- 
quivalent, and saturates itself. 

In the cyanides carbon and nitrogen are probably linked 
together in a different way from that in the substituted 
ammonias, and when hydrogen is added to the cyanogen 
group, — C = N, the condition is changed to that which is 
characteristic of the substituted ammonias: — 

H - C = N + 2 H2-= H3C - NH2. 

In the aldehydes and ketones, carbon is in combination with 
oxygen in the carbonyl condition. When they unite with 
hydrogen and some compounds, such as hydrocyanic acid, the 
relation between the carbon and oxygen is probably changed, 
the latter being in the hydroxyl condition. The changes are 
usually represented by formulas such as the following : — 

^0 /OH 

1 (CH,),C =0 -f- HON = (CH,),C<(^^^ 
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In carbonyl the oxygen is represented as held by two bonds 
by the carbon atom, while in hydroxy 1 it is represented as held 
by one bond. The signs may be used if not too literally inter- 
preted. There are undoubtedly two relations which carbon 
and oxygen bear to each other in carbon compounds. These 
relations may be called the hydroxyl relation^ represented by 
the sign C — — , and the carbonyl relation^ represented by the 
sign C = O. 

Fifth. There is a fifth kind of unsaturation, dependent upon 
differences in the relations between carbon atoms, and it is this 
kind which is ordinarily meant when unsaturated carbon com- 
pounds are spoken of. 

The kind of relation between the carbon atoms in all the 
saturated hydrocarbons is, so far as we know, the same as that 
which exists between the two carbon atoms of ethane, and 
this is represented by the formula H3C — CH3. This formula 
signifies simply that the two carbon atoms are held together 
by the forces which in marsh gas enabled each carbon atom to 
hold one hydrogen atom. Abstracting one hydrogen atom from 
marsh gas, union is effected between the carbon atoms. What 
would result if two hydrogen atoms were to be abstracted, and 
union between the carbons then effected ? Theoretically we 
should get a compound made up of two groups CH2, thus 
CH2.CH2, and presumably the relation between the carbon 
atoms in this compound would be different from the relation 
between the carbon atoms in ethane. Without pushing these 
speculations farther, it may be said that there is a well-known 
hydrocarbon of the formula C2H4 which differs markedly from 
ethane. This shows the property of unsaturation very clearly. 
This is olefiant gas or ethylene. It is the first of an homologous 
series of hydrocarbons, only a few of which are well known. 
These hydrocarbons yield derivatives like the paraffins ; 
though of these, as well as of the hydrocarbons, very few 
are known as compared with the number Of the paraffin 
derivatives. 
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ETHYLENE AND ITS DERIVATIVES. 

Hydrocarbons, C„H2n. 

The principal hydrocarbons of this series are included in the 
sabjoined table : — 

Ethylene C2H4. 

Propylene CgHc. 

Butj'lene C4H8. 

Amylene QHiq. 

Hexylene . CeHig. 

Heptylene C7H14. 

The members are homologous with ethylene. They bear to 
the paraffins a very simple relation, each one containing two 
atoms of hydrogen less than the paraffin with the same number 
of carbon atoms. 

Ethylene, oleflant gas, 02H4(= OH2.OH2). — This gas is 
fonned when many organic substances are subjected to dry 
distillation. The two principal reactions which yield it are : — 

(1) The action of an alcoholic solution of potassium hydrox- 
ide on ethyl chloride, bromide, or iodide : — 

CaHfiBr -f KOH = C2H4 + KBr + H^O. 

This is the most important reaction for the preparation of the 
unsaturated compounds of the ethylene series. It is applicable 
not only to the hydrocarbons but to substances belonging to 
other classes. By means of it we have it in our power to pass 
from any saturated compound to the corresponding unsaturated 
compound of the ethylene series. Tlius we pass from ethane, 
^sHj, to ethylene, C2H4, by first introducing bromine, and then 
abstracting hydrobromic acid from the mono-bromine substi- 
tution-product. By treating the mono-biomSiife «^3^i!8^C\\»JC\wl 



■s*- 
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products of other saturated compounds in the same way, the 
corresponding unsaturated compounds can be made. 

(2) The action of sulphuric acid and other dehydi'ating agents 
upon alcohol : — 

C2H5.OH = C2H4 + H2O. 

Experiment 51. In a flask of 2^ to 8^ capacity put a mixture of 
25S alcohol and 150k ordinary concentrated sulphuric acid. Heat to 
160° to 170°, and add gradually through a funnel tube about 600<« of a 
mixture of 1 part of alcohol and 2 parts of concentrated sulphuric 
acid. Pass the gas through three wash bottles containing, in order, 
sulphuric acid, caustic soda, and sulphuric acid. Then pass it into 
bromine contained in a cylinder, provided with a cork with two holes. 
If the cylinder has a diameter of about S^m, let the layer of bromine 
be about 5^™ to T'^™ deep. Upon it pour a somewhat deeper layer of 
w-ter. Place the cylinder in a vessel containing cold water. Pass 
the gas into the bromine until it is completely decolorized. (See note, 
next page.) 

Ethylene is a colorless gas which can be condensed to a 
liquid. It burns with a luminous flame. With oxygen it forms 
an explosive mixture. Its most characteristic property is its 
power to unite directly with other substances, particularly with 
the halogens and their hydrogen acids. Thus it unites with 
chlorine and bromine, and with hydriodic and hydrobromic 
acids : — 

CsH4 + CI2 == C2H4CI2 5 

C2H4 + Brg = C2H4Br2 ; 

C2H4 + HBr = C2H5Br ; 

C2H4 + HI = C2H5T. 

The products formed with chlorine and bromine are called 
ethylene chloride and ethylene bromide. They have been 
mentioned under the head of halogen derivatives of the paraf- 
fins. They are isomeric with ethylidene chloride and ethylidene 
bromide, which are formed by substitution of chlorine or 
bromine for two hydrogens of ethane. 



ETHYLENE. 215 

Note. -:- The addition of bromine to ethylene is iUustrated by the 
experiment last performed, in which ethylene bromide is formed. To 
pnrify the product, put a little dilute caustic soda in the cyliuder, and 
shake. Remove the upper layer of water, and repeat the washing with 
dilute caustic soda. Then wash with water two or three times, each 
time removing the water with the aid of the pipette described on p. 31. 
Finally, put the oil in a flask, add a few pieces of granulated calcium 
chloride, and allow to stand. Pour off into a dry distilling-bulb, and 
distiil, noting the temperature. 

A question which we may fairly ask concerning the structure 
of ethylene is this : Does it consist of two groups CH2, or of 
a methyl group, CHg, and CH ? Is it to be represented by the 
formula CH2.CH2 or CH3.CH? Perhaps the clearest answer 
to this question is found in the fact that the chloride formed by 
addition of clilorine to ethylene, and that formed by replacing 
the oxygen in aldehyde by chlorine, are not identical. All 
evidence is in favor of the view that aldeh3'de is correctly 

represented by the formula CHj.Cg. Hence, as has been 

pointed out, the chloride obtained from it must be represented 
thus, CH3.CHCI2. Hence, further, it appears highly probable 
that the isomeric chloride obtained from ethylene must be 
represented thus, CH2CI.CH2CI. Now, as this substance is 
formed by direct addition of chlorine to ethylene, ethylene has 

the formula I , and not I . 
• CH, CH 

As regards the relation between the two carbon atoms of 
ethylene we know nothing, save that it is probably different 

from that which exists between the carbon atoms of ethane. 

CH, 
It is usually represented by the sign = ; thus, 11 . We must 

CH, 

necessarily leave- the question open as to the relation between 

the carbon atoms in ethylene. If the above sign is used, it 

should serve mainly as an indication of the kind of unsaturation 

met with in ethj'lene, the compound in whose formula it is 

written having the power to take up two atoms of bromine, a 

molecole of bydrobromic acid, etc. 
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The homologues of ethylene bear the same relation to it that 
the homologues of ethane bear to this hydrocarbon. Propylene 

CH.CH8 
is methyl-ethylene, II , just as propane is methyl-ethane, 

CH2.CH8 ^.^2 CH.CH8 C(CH8)2 

II . Butylene is dimethyl-ethylene, || , or II , 

CHs CH.C2H5 CH.CH8 CH2 

or ethyl-ethylene, II . That is to say, in other words, 

CH2 

in the hydrocarbons of the ethylene series the ethylene condi- 
tion between carbon atoms occurs only once. 

The higher members of the series need not be treated of. 



Alcohols, CjfL^aO. 

These alcohols bear to the ethylene hydrocarbons the same 
relation that the alcohols of the methyl alcohol series bear to 
the paraffins. Only one is well known. This is the second 
member corresponding to propylene. 

AUyl alcohol, 08H6O(= OHj.OH.OHaOH). — This alcohol 
is formed in several wajs from glycerin. 

1. By introducing two chlorine atoms into glycerin in the 
place of two hydroxyls, thus getting dichlorhydrin, C8H5CI2 . OH : 

CH2OH CH2CI 

CHOH -f 2S = CH^l + 2 H2O ; 
I HU I 

CH2OH CH2OH 

and treating the dichlorhydrin with sodium, which extracts the 
chlorine : — 

CH2CI CH.2 

I I 

CHCl + 2 Na = CH +2 NaCl. 
I I 

CHjOH CHjOH 
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2. By treating glycerin with the iodide of phosphorus. This 
gives allyl iodide, CsHjI. By treating the iodide with silver 
hydroxide it is converted into the alcohol. 

3. Most readily by treating glycerin with oxalic acid, as in 
the preparation of formic acid. The mixture is heated to 220° 
to 230®, when allyl alcohol passes over. The first product 
formed in this case is an ethereal salt of formic acid and 
glycerin, HOHiC.CHOH.CHgO.COH. At a higher temperature 
this breaks down, yielding allyl alcohol, HOHgC.CH = CHg, 
carbon dioxide and water. 

Allyl alcohol is a liquid boiling between 96° and 97°. It has 
a penetrating odor. 

Nascent hydrogen does not act upon it, or at least the action, 
if any, takes place with difficulty. As far as composition is 
concerned, the relation between allyl alcohol and propyl alcohol 
is the same as that between ethylene and ethane : — 

CsHfi . OH + Ha = CsHy ; OH. 

Allyl alcohol, like ethylene, unites directly with bromine, 
hydrobromic acid, etc., the products being substitution-products 
of propyl alcohol : — 

CHi . OH H- HBr = CgHeBr . OH, 

MoDobrom-propyl alcohol. 

CgHj . OH 4- 2 Br = CsH^Brj . OH. 

Dlbrom -propyl alcohol. 

Allyl compounds. — Among the derivatives of allyl alcohol 
which are of special interest is allyl sulphide, (C3H5)2S, which 
is the chief constituent of the oil of garlic. It can be made 
su-tificially by treating allyl iodide with potassium sulphide : — 

2 CsH J + K^S = (C3H,)2S 4- 2 KI. 
It is an oily liquid of a disagreeable odor. 

Allyl mustard oil, SON . CaHs. — Under the head of 
Sulpho-cyanates mention was made of a series of isomeric 
bodies called iaosulpho^yanates or mustard oils. The sulpho- 
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cyanates of the alcohol radicals are made from potassium 
sulpho-cyanate. Thus, methyl sulpho-cyanate is made by 
mixing together potassium methyl-sulphate and potassium 
sulpho-cyanate, and distilUng: — 

NCSK -f ^^^^1 SO2 = K2SO4 + NCSCHs. 

The mustard oils, on the other hand, are made by a compli- 
cated reaction from carbon disulphide and substituted ammonias. 
The conduct of the sulpho-cyanates led us to the conclusion 
that they must be represented by the formula NC— SR, while 
that of the isosulpho-cyanates or mustard oils led to the for- 
mula SC— wNR, as representing their structure. AUyl mustard 
oil is the chief representative of the class of bodies known 
as mustard oils. It occurs as a glucoside (see p. 180) in 
mustard seed. From the glucoside it is formed by fermenta- 
tion. It is formed by treating allyl iodide with potassium 
sulpho-cyanate. We should naturally expect this reaction to 
yield allyl sulpho-cyanate, but the compound actually obtained 
does not conduct itself like the sulpho-cyanates. 

Allyl mustard oil is a liquid, boiling at 150.7°, and having a 
penetrating odor. 

Zinc and hydrochloric acid convert it into allyl-amine, 
NH2 . C3H5, hydrogen sulphide and carbon dioxide. This re- 
action indicates that in allyl mjistard oil the radical allyl is in 
combination with the nitrogen and not with the sulphur. 

Note for Student. — What change do the mustard oils iu general 
.undergo wheu treated with nascent hydrogen? What change do the 
sulpho-cyanates undergo when oxidized ? 

Acrolein, acrylic aldehyde, C3H40(= C2H3.OOH). — Acro- 
lein can be made by careful oxidation of allyl alcohol. It is 
formed by the dry distillation of glycerin which breaks up into 
water and acrolein : — 

CsHgOa = CsH^O + 2 HjO. 
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It is, hence, formed also by heating the ordinary fats, the 
pecoliar penetrating odor noticed when fatty substances are 
heated to a sufficiently high temperature being due to the forma- 
tion of acrolein. It is prepared best by heating glycerin with 
acid potassium sulphate. 

Elxperiment 62. In a test-tube mix anhydrous glycerin (I part) 
and acid potassium sulphate (2 parts), and heat the mixture. Pass 
the vapors through a bent tube into water contained in another test- 
tube. Notice the odor. Try the effect on a dilute solution of nitrate 
of silver. What is the meaning of this reaction? 

Acrolein is a volatile liquid which boils at 52.4®. It has an 
extremely penetrating odor, and its vapor acts violently upon 
the eyes, causing the secretion of tears. 

Acrolein takes up oxygen from the air, and is converted into 
the corresponding acid, acrylic acid^ C3H4O2 (which see). 

It takes up hydrogen, and is thus converted into allyl alcohol. 

It takes up hydrochloric acid, and is converted into /?-chlor- 
propionic aldehyde : — 

CaHs.COH + HCl = CH2CI.CH2.COH. 

^-chlor-propionic aldehyde. 

The first two reactions are characteristic of aldehydes In 
general ; the last one is characteristic of unsaturated compounds 
belonging to the ethylene group. Acrolein, like ordinary alde- 
hyde, forms polymeric modifications, which can easily be recon- 
verted into acrolein. 

It unites with ammonia forming acrolein-ammonia, and with 
other substances in much the same way as ordinary aldehyde 
does. 

Acids, CnH2n_202« 

Running parallel to the ethylene series of hydrocarbons, and 
bearing the same relation to it that the fatty acid series bears 
to the paraffins, is a series of acids of which the first member 
IS acrylic acid, C3H4O2. Several members of the series are 
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known. The principal members are named in the subjoined 
table : — 



ACRYLIC ACID SERIES. 

Acids, CnH2„_202. 

Acrylic acid 

Crotonic 

Angelic 

Hydrosorbic 

Teracrylic 

Cimic 

Hypogaeic 

Oleic 

Erucic 



C3H402. 

C4lle02. 
C5H8O2. 

C'8Hio02» 
C7Hi202» 

^16H3o02» 
^lfr"-8402» 
v>'22"42^2» 



Of most of the higher members of the series several isomeric 
modifications are known. Only a few of these acids will be 
considered here. 



Acrylic acid, 03H4O2(= CH2.OH.OO2H).— This acid has 
already been mentioned in connection with hydracrylic acid, 
which, when heated, breaks up into acrylic acid and water : — 

CH2.OH.CH2.CO2H = CH2.CH.CO2H + H2O. 

Hydracrylic acid. Acrylic acid. 

Note for Student. — This reaction is analogous to that which 
takes place when ordinary alcohol is converted into ethylene. In what 
does the analogy consist? What acid is isomeric with hydracrylic 
acid? How does it conduct itself when heated? Compare the trans- 
formation of hydracrylic acid into acrylic acid with that of malic into 
maleic and f umaric acids, and with that of citric into aconitic acid. 

Acrylic acid can be made by careful oxidation of acrolein 
with silver oxide. The relations between propylene, CgHg, 
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allyl alcohol, C3H5.OH, acrolein, C2H3.COH, and acrylic acid, 
C2H3.CO2H, are the same as those between any hydrocarbon of 
the paraffin series, and the corresponding primary alcohol, 
aldehyde, and acid. 

Acrylic acid can be made further by treating )8-iodo-propi- 
onic acid with alcoholic potash : — 

CH2I .CH2 .CO2H = CH2 .CH .CO2H + HI. 

Note for Student. — Compare this reaction with that by which 
ethylene is made from ethyl bromide. 

Acrylic acid is a liquid having a pungent odor. It boils at 
140°, and solidifies at a low temperature. 

Nascent hydrogen converts it into propionic acid. Hydri- 
odic acid unites directly with it, forming )8-iodo-propionic acid. 

Note for Student. — What are the analogous reactions with allyl 
alcohol and acrolel'n? 

Many derivatives of acrylic acid have been studied, but they 
need not be taken up here. 

Grotonio acid, O^B^O^. — Crotonic acid is made from allyl 
cyanide, the reactions involved being represented by the 
following equations : — 

CsHfil + KCN = CgHg.CN + KI ; 

Allyl iodide. Allyl cyanide. 

CaH^.CN + 2H2O = CsHfiCOgH -f NHj. 

Crotonic acid. 

It can be made also by distilling )8-h3'droxy-butyric acid, 
CH3.CH(OH).CH2.C02H, when a reaction takes place similar 
to that involved in the preparation of acrylic from hydracylic 
acid. Further, it can be made by treating a-brom-butyric acid 
with alcoholic potash. 

Oleic acid, C18H34O2. — This acid was referred to in con- 
nection with the fats, it being one of the three acids found 
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most frequently in combination with glycerin. Olein, or 
glyceryl tri-oleate, is the liquid fat, and is the chief constituent 
of the fatty oils, such as olive oil, whale oil, etc. It is con- 
tained also in almost all ordinary fats. In the preparation of 
stearic acid for the manufacture of candles, the olein is pressed 
out of the fats. To prepare the acid, olein is saponified, and 
the soap then decomposed with hydrochloric acid. 

Note for Student. — Give the equations representing the reac- 
tions involved in passing from olein, or glyceryl tri-oleate, to oleic acid. 

Oleic wcid is a crystallized substance which melts at a low 
temperature (14°). It unites with bromine, forming dibrom- 
stearic acid. Hydriodic acid converts it into stearic acid : — 

Oleic acid. Stearic acid. 

PoLTBASic Acids op the Ethylene Group. 

There are a few dibasic acids which bear to the ethylene 
hydrocarbons the same relations that the members of the oxalic 
acid series bear to the paraffins. They may be regarded as 
derived from the hydrocarbons by the introduction of two 
carboxyl groups. 

Acids, OaHaCOOaH),. — There are two acids of this for- 
mula, both of which have been mentioned. They are fumaric 
and maleic acidsy which are formed by the distillation of malic 
acid. 

Fumaric acid can also be made by treating brom-suceinic 
acid with alcoholic potash. 

Both fumaric and maleic acids are converted into succinic 

acid by nascent hydrogen, and into brom-succinic acid by 

hydrobromic acid. It is believed that these two acids are 

stereo-isomeric, and that the following formulas suggest the 

relation between them;— ^ 
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HC.COjH 
H , 
HC.COjH 

Halaloaeld. 


UC.COjH 
II 
COjH.CU 

Fnmaric add. 



Each of the carbon atoms which are united by double lines is sup- 
posed to be at the centre of a tetrahedron^ and the two tetrahedrons 
to be united in such a way that they have one edge in common. 

Acids, C5HSO4. — There are three acids of this formula, all of 
which are obtained, either directly or indirectly, from citric acid. 
They are known as ilaconic, citraconic, and mesaconic adds. 

CO H 

They bear the same relation to pyrotartaric acid, C3Hg< ^ 

that fnmaric and malei'c acids bear to succinic acid. All are con- 
Verted into pyrotartaric acid by treatment with nascent hydrogen. 

Aconitic acid, [C6H606(= C3H3(0O2H)3)]. — Aconitic acid is 
the only tri-basic acid of this group that need be mentioned, 
As has been stated, it is formed when citric acid is heated to 
175^. It is found in nature in aconite root, and in the sap of 
sugar-cane and of the beet. 

Nascent hydrogen converts it into tri-carballylic acid, 

C3H3 (CO2H) 3* 

Acetylene and its DERiVATrvES. 

The principal reactions by means of which it is possible to 
pass from a hydrocarbon of the paraffin series to the corre- 
sponding hydrocarbon of the ethylene series consist in intro- 
ducing a halogen into the paraffin, and then treating the 
mono-halogen substitution-product with alcoholic potash : — 

CjHftBr = C2H4 + HBr. 

The effect of these two reactions is the abstraction of two 
hydrogen atoms from the paraffin. The following questions 
therefore suggest themselves : — 

Suppose a dihrom substitution-product of a i^\M«u^xi\i^V^^>Xft^ 
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with alcoholic potash ; will the effect be that represented by 

the equation 

C2H4Bra = C^Hj + 2HBr? 

And, fhrther, suppose a mono-substitution product of an 
ethylene hydrocarbon be treated with alcoholic potash ; will the 
effect be that represented by the equation 

CjPsBr = C2H2 + HBr? 

If so, it is plain that we have it in our power to make a new 
series of hydrocarbons, the members of which must bear to the 
ethylene hydrocarbons the same relation that the latter bear to 
the paraffins. The general formula of this series would be 
CnH2n_2j that of thc ethylene series being CnHjn, and that of the 
paraffin series, CnH2n+2» 

^ few members of the hydrocarbon series, CnH2n_2, are 
known, though only one is well known, and this one alone need 
be considered. 

Acetylene, C2H2. — Acetylene is formed by direct combina- 
tion of hydrogen and carbon when a current of hydrogen is 
passed between carbon poles, which are incandescent in conse- 
quence of the passage of an electric current ; when alcohol, 
ether, and other organic substances are passed through a tube 
heated to redness ; when coal gas and some other substances 
are burned in an insufficient supply of air ; and when ethylene 
bromide is treated with alcoholic potash : — 

C2H4Br2 = C2H2 -h 2 HBr. 

It is easily made by the action of water on calcium 

carbide : 

CgCa -h 2 H2O = C2H2 -h Ca(0H)2. 

This process is extensively used on the large scale for the 
preparation of acetylene for illuminating purposes. 

^Experiment 53. — In a Woulff'a flask or an ordinary Florence flask 
provided with a dropping funnel and an. owX\fe\. \.\>>oft, ^\yx ^ 1<5W i^ieces of 
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calcinm carbide about tbe si^e of half-inch cubes. When the water from 
the funnel is allowed to drop in the carbide tbe gas ia given oB at once, 
and the rapidity of tbe current can be regnlated by regulating the drop- 
ping of tbe wal«r. After the operation lias been in progress long enough 
to drive the air out of the apparatus, connect a burner with the delivery 
tube at^, and set fire to tbe gas. Unless the burner is an "acetylene 
burner " the flame gives a great deal of soot and it should not be allowed 
to bum long. In the test-tube .B is a sU'ong solution of anuuoniacal 
cuprous chloride prepared as follows : Make a saturated solution of 1 part 
common salt and 2} parts crystallized copper sulphate. Saturate with 
Bulphur dioxide. Filter, and waab with acetic aoid. Dissolve the white 




cuprous chloride in ammonia. Pass some of the gas through this solu- 
tion. The acetylene will be absorbed by the copper solution, and a pre- 
cipitate formed (see Exp, 64). 

Acetylene is a gas of an unpleasant odor. It burns with a 
luminous, sooty iiame. 

When heated to a sufficiently high temperature, it is con- 
verted into the polymeric substances, benzene, CgHj, and sty- 
rene, C»I^ It unites with hydrogen to Sorm fefti'^Vixe ^"(v?i. 
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ethane. It unites with nitrogen, under the influence of tne 
sparks from an induction coil, forming hydrocyanic acid: — 

C2H2 + 2 N = 2 HCN. 

Acetylene forms some curious compounds with metals and 
metallic oxides. Among them may be mentioned the copper 
compound obtained in Exp. 53. This has the composition, 
CjCug, which represents the cuprous salt of acetylene. It is 
a reddish-brown substance which is insoluble in water. When 
dry, it explodes violently at 120**. Hydrochloric acid decom- 
poses it, acetylene being evolved. 

Kxperiment 54. Filter off the precipitate obtained in Exp. 53, 
and wash it until the wash-water runs through colorless. Bring the 
precipitate, together with a little water, into a flask furnished with a 
funnel-tube and a delivery-tube. Slowly add concentrated hydro- 
chloric acid, and notice the evolution of gas. Collect some of it 
in a small cylinder over water, and burn it. 

Acetylene unites with bromine, forming the compound 
C2H2Br4, tetra-brom-ethane. It unites with hydrobromic and 
hydriodic acids, forming substitution-products of the satu- 
rated hydrocarbons : — 

C2II2 "f" 2 HI = C2H4J^. 

Most of the higher members of the acetylene series of hydro- 
carbons bear to acetylene the same relation that the higher mem- 
bers of the ethylene series bear to ethylene. The first one is 

C.CH3 

Allylene or methyl-acetylene . . . • | ; 

the second is 

Ethyl-acetylene I , 

CH 

0.0x13 

or Dimethyl-acetylene ••••••. | 
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It should be noticed in this connection that there is a hydro- 
carbon of the formula C4H6, which, strictly speaking, is not 
a homologue of acetylene, though it is very closely allied to 

dimethyl-acetylene. It has the formula i 

CH = CH, 

The homologues of acetylene may be divided into two 

classes : — 

1. Those which are obtained from acetylene by the replace- 
ment of one or both the hydrogen atoms by saturated radicals, 
such as methyl, ethyl, etc. These may be called the true homo- 
logues. They all retain the condition peculiar to acetylene. 

2. Those in which the ethylene condition occurs twice, as in 
the hydrocarbons of the formulas 

CH=CH2 C(CH3)2 

.1 , II » etc. 

CH = CII2 C = CH2 

These may be called diethylene derivatives. 
We know nothing regarding the relation between the carbon 

atoms in acetylene. It is commonly represented by three lines 

CH 
( = ) , or three dots ( • ) . Thus, acetylene is written III or CH • CH . 

CH 
Like the sign for the ethylene condition, it should not be inter- 
preted too literally. It is best to regard it as the sign of a 
condition best illustrated in acetylene, and which may therefore 
be called the acetylene condition. We recognize this condition in 
a compound by the power of the compound to take up four atoms 
of a halogen^ or two molecules of hydrobromic acid and similar 
<*ctd«; though, as we have seen, these reactions are not distinc- 
tive for the acetylene condition, for the reason that the diethy- 
lene compounds have the same power. 

Propargyl alcohol, C3H4O. — This alcohol is mentioned 
'Merely as an example of alcohols which are derived from the 
acetylene hjrdrocarbons. It is the li^dtoxjY ^<et\N^Mv^^ <^*^ 
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allylene, or methyl-acetylene. It is made by treating brom- 
allyl alcohol, C3H4Br.OH, with alcoholic potash: — 

C8H4Br.OH = CgHs.OH + HBr. 

Acids, CnH2„_402. 

These acids are the carboxyl derivatives of the acetylene 
hydrocarbons, and hence differ from the members of the 
acrylic acid series by two atoms of hydrogen each, and from 
the members of the fatty acid series by four atoms of hydro- 
gen each. 

/ CH \ 
Propiolio acid, O8H2O2I = I ). — The bromine and 

chlorine substitution-products of this acid are more easily made 

and are better known than propiolic acid itself. Chlor-propio- 

lic acid is obtained by treating dichlor-acrylic acid with baryta 

water : — 

C2HCI2.CO2H = C2CI.CO2H + HCL 

/ C.CH3 \ 
Tetrolio acid, C4H4O2I = i I, is obtained by treating 

^ C.CO2H/ 

/J-chlor-crotonic acid with caustic potash : — 

001.0x13 0.0x13 

I = I + HCL 

CH .CO2H C.CO2H 

Sorbic acid, C6H802(= C5H7.CO2H). — This acid occurs in 
the unripe berries of the mountain ash. It takes up hydrogen 
and yields hydrosorbic acid^ a member of the acrylic acid series 
(see table, p. 220) . It also takes up bromine, the final product 
of the action being an acid of the formula C5H7Br4.C02H. With 
hydrobromic acid it forms dibrom-caproic acid : — 

C5H7.CO2H -h 2 HBr = C5H9Br2.C02H. 

Dibrom-caproic acid. 



i 
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Linoleic acid, C18H82O2 (=Ci7H8iC02H). — This acid occurs 
in the form of an ethereal salt of glycerin in linseed oil. It can 
be obtained from linseed oil by saponification. It is an oily 
liquid, one of the most marked properties of which is its power 
to take up oxygen from the air^ it being thus transformed into a 
solid substance. Linseed oil itself has tliis property of harden- 
ing or drying. It is the principal substance belonging to the 
class of clrying oils. The oil is used extensively as a constituent 
of varnishes and of oil paints. 



Valylene, G5H6. — We have thus far had to deal with three 
series of hydrocarbons of the general formulas CnHan+a^ CnHgn, 
and CnHjn_,. We naturally inquire whether there is a series of 
the general formula €^112^.4. A few members of the series have 
been prepared by abstracting hydrogen from certain of the acety- 
lene hydrocarbons by the action of alcoholic potash on the bro- 
mine derivatives. Thus, valylene, CgHe, has been made by 
treating valerylene bromide, C5H8Br2, with alcoholic potash : — 

CfiHgBra = C^He + 2 HBr. 

It is a liquid. Its most characteristic property is its power to 
unite with bromine to form the saturated compound CgHeBre. 

Dipropargyl, 0«H6. — Dipropargyl is obtained from the 

compound dibrom-diallyl, C(jH8Br2, by boiling with alcoholic 

caustic potash : — 

CeHgBrj = CeHg + 2 HBr. 

It unites very readily with bromine, forming, as the final 
product of the action, the compound CeHgBrg, which is an 
octo-bromine substitution-product of hexane, C6H14. 



The unsaturated hydrocarbons and their derivatives thus far 
considered are obtained by simple reactions from the saturated 
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compounds, and they all have the power to take up readily 
Dromine, hydrobromic acid, etc., and thus to pass back to the 
saturated condition. Whatever the real natui'-e of the relation 
between the carbon atoms in all these unsaturated hydrocarbons 
may be, it certainly is easily changed to the condition which 
exists in the saturated compounds. There are several hydi'o- 
carbons, however, which are unsaturated but which are not 
easily converted into derivatives of the saturated hydrocar- 
bons. Although under some circumstances they with diffi- 
culty unite directly with the halogens, they do not take up 
enough to convert them into derivatives of the paraffins ; and 
the products which are formed are unstable, easily giving up 
the halogen atoms with which they united. The simplest 
hj'drocarbon of this new kind is the well-known benzene, 
which is isomeric with dipropargyl. Before proceeding to 
the consideration of benzene and its derivatives, it will be 
well to inquire whether the abstraction of hydrogen by the 
reaction chiefly used can be pushed further than it has thus 
far been pushed. Can we, in other words, by means of this 
reaction get hydrocarbons of the formula C„H2„_8 which have 
the power to unite directly with ten atoms of bromine ? Such 
hydrocarbons have not been prepared. Hydrocarbons of the 
formula CnH2n-8 ^^^ known ; but they are not made from the 
paraffins by abstracting hydrogen, and they are not converted 
into substitution-products of the paraffins by the addition of 
halogens and halogen acids. The compounds which have 
been considered fall under five general heads, according to the 
formulas of the hydrocarbons. These heads are, — 

1. Hydrocarbons, CnH2n + 25 the paraffins and their derivatives. 

2. Hydrocarbons, CnHgn, or olefins and their derivatives. 

3. Hydrocarbons, CnH2n-25 or the a^cetylene hydrocarbons and 

their derivatives. 

4. Hydrocarbons, C„H2n-4, dnd their derivatives. 
6. Hydrocarbons, CnH2n»65 «^<^ their derivatives. 
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This classification, while strictly correct, is misleading, inas- 
much as it conveys no idea in regard to the relative importance 
of the compoands of the different classes. As we have seen, 
the only compounds whose treatment required much time are 
those of the first class. These compounds stand out promi- 
nently, and are distinguished by the frequencj^ of their occur- 
rence and their great number. The compounds of the second 
class are much less numerously represented, and but a small 
number of them are familiar substances. While a few sub- 
stances belonging to the third class are known, our knowledge 
in r^ard to the class is much more limited than even that 
of the second class. Finally, as regards the fourth and fifth 
classes, the few representatives of them that are known are at 
present scientific curiosities. Thus, after we leave the paraffin 
derivatives, our knowledge dwindles away very rapidly when 
we pass to the following classes, until it ends with a single 
compound in the fifth class. 

We pass now to the consideration of a new group, the impor- 
tance and number of whose members entitle it to be placed side 
by side with the group of paraffin derivatives. 



CHAPTER XIV. 

THE BENZENE SERIES OF HYDROCARBONS.- 

AROMATIC COMPOUNDS. 

The fundamental substance of this group is benzene, CgHe, 
which bears to the group the same relation that marsh gas 
bears to the group of paraffin derivatives. Benzene, together 
with some of its homologues, is a product of the distillation of 
bituminous coal, and is, therefore, contained in coal tar. As 
coal tar is the raw material from which all benzene derivatives 
are obtained, it will be well briefly to consider the conditions 
of its formation and the method of obtaining pure hydrocarbons 
from it. .. 

Coal tar is a thick, black, tarry liquid, which is obtained in 
the manufacture of illuminating gas from bituminous coal. 
The coal is heated in retorts, and all the products passed 
through a series of tubes called condensers. These are kept 
cool, and in them the liquid and volatile solid products are con- 
densed, forming together the coal tar. It is an extremely com- 
plex mixture, from which a great many substances have been 
obtained. Among those most readily obtained from it are tb 
hydrocarbons of the benzene series, as well as the hydrocarbone^ 
naphthalene and anthracene, both of which are important sub — 
stances. 

When the tar is heated, of course the most volatile liquids 
pass over first. These are collected in vessels containing watec" 
The first portions of the distillate float on water, and oonstitu 
what is called the light oil. After a time hydrocarbons an 
other substances of greater specific gravity Hnsm the light o 
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pass over. These portions sink under water, and constitute the 
heavy oU, 

The light oil is treated with caustic soda, which removes 
phenol (carbolic acid) and similar substances, and with 
sulphuric acid, which removes certain basic compounds. The 
residue is then subjected to fractional distillation, by which 
means the first two members of the series can be obtained in 
very nearly pure condition. As these hydrocarbons form the 
basis of a number of important industries, they are separated 
from coal tar on the large scale. 

The principal members of the series are named in the table 
below. 

iIydROCARBONS, CnH2n-«. 

Benzene Series. 

Benzene CgHe. 

Toluene CjHg. 

Xylene CgHio* 

Mesitylene ) p tt 

Pseudocumene J ^ ^' 

Durene ) p, tj 

Cymene j 

L-methyl benzene C12H18. 



Bensene, OaHs- — Benzene is prepared, as above described, 
from the light oil obtained from coal tar. It is also prepared* 
by beating benzoic acid with lime, when the acid breaks up 
into carbon dioxide and benzene : — 

C7He02 = CgHe + CO2. 

Hots for Student. — What is the analogous method for the 
Preptration of marsh gas? 

Benzene has been made further by simply heating acetylene: 

o C2H2 = CqH^. 
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To purify the hydrocarbon obtained by fractional distillation 
from light oil, it is cooled down to a low temperature, and that 
which does not solidify is poured off. The crystals are pressed 
in the cold between layers of bibulous paper, and are then very 
nearly pure benzene. This can be further purified by treat- 
ment with sulphuric acid, which removes a small quantity of a 
substance containing sulphur, and known as thiophene. Per- 
fectly pure benzene is obtained by distilling pure benzoic acid 
with lime. 

Experiment 55. Mix intimately 50e benzoic acid and lOOe quick- 
lime, and distil from a flask conDected with a condenser. See that the 
materials and apparatus arc dry. Add a little calcium chloride to the 
distillate ; and, after it has stood for an hour or two, redistil it from 
an appropriate sized distilling-bulb, noting the temperature at wliich it 
boils. Put the redistilled hydrocarbon in a test-tube, and surround it 
with a ft*eezing mixture. 

Experiment 56. — In most places where there are gas-works it will 
not be difficult to get a quantity of light oil. The separation of, some 
of this into benzene and toluene, and the purification of the two hydro- 
carbons, is the best possible introduction to a study of the aromatic 
compounds. The benzene and toluene thus obtained may be used in the 
preparation of a number of typical derivatives according to methods 
which will be described. In f ractioning the light oil, it will be observed 
that there is a tendency to an accumulation of the distillates in the 
parts boiling near 80° (the boiling-point of benzene) and 110® (the boil- 
ing-point of toluene). The flnal purification of the benzene should be 
effected by freezing and pressing, as described above. The toluene 
should be distilled until by redistillation Its boiling-point is not changed. 

Benzene is a colorless liquid which boils at 80.5°. It has a 
peculiar, pleasant odor. Several of the homologues of benzene 
have a similar odor. Hence the name aromatic compounds was 
given to them originall}', and it is still in general use. Benzene 
is lighter than water, its specific gravity being 0.899 at 0**. It 
burns with a bright, luminous flame. 

Experiment 57. — Pour a \ayex ot \>c\i'L«ii^ on water in a small 
evaporating-di8h. Set ftre to Vt^ 
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At 0*^ benzene solidifies, forming rhombic prisms. It is an 
excellent solvent for oily and resinous substances.^ 

Chemical conduct of benzene, and hypothesis regarding its 
structure. In the light of the knowledge we have already 
gained in studying hydrocarbons which contain a smaller pro- 
portion of hydrogen than the paraflSns do, we should naturally 
expect to find that benzene can easily be converted into a 
derivative of hexane. We should naturally expect to find 
that it unites with bromine, just as dipropargyl does, to 
form an octo-brom-hexane thus, — 

CeHe + Brg = CeHeBrg; 
with hydrobromic acid to form tetra-brom-hexane thus, — 

CeHe + 4 HBr = CeHioBr^ ; 
and probably with hydrogen to form hexane, — 

C0H5 + 8 H = CeH24. 

But none of these reactions takes place. Hydrobromic acid, 
which acts so readily on all the unsaturated compounds hitherto 
considered, does not act at all upon benzene. Bromine acts 
readily enough, but the action which usually takes place is 
like that which takes place with the saturated parafifins. It is 
^'stUution^ and not addition. Thus, bromine forms mono- 
brom-benzene, CeHgBr, under ordinary circumstances. If, 
however, the action takes place in the direct sunlight, a prod- 
uct is formed which has the formula CeHgBre, known as 
henzene heocdbromide, and to this no more bromine can be 
added. Further, benzene hexabromide is an unstable com- 
pound, — much less stable than benzene. When heated, it 
breaks up, partly according to the equation 

CeHeBre = CeHsBrg + 3 HBr, 

^ Benzene, the chemical individual of the definite foTrnxAa C^^^ t!(vw«.\. XknX \^^ ««sq» 
foaaded with "beDzine," the commercial Bubstance obtaVned Vxv V3[ie T«SfliVsx% o\ v^Na^ 
^^m (§ee p. 110). 
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the chief product being a substitation-product of benzene, — 
tri-brom-benzene, CflHaBrg. 

Treated with hydriodic acid, benzene takes up six atoms of 
hydrogen, and yields a hydrocarbon, OeHi^, which, however, does 
not act like a member of the ethylene series, as it appears to 
have no power to take up bromine, etc., and shows a marked 
tendency to pass back into benzene, particularly under the influ- 
ence of oxidizing agents.^?*^ 

The facts mentioned snow clearly that benzene differs in some 
way fundamentally from all the hydrocarbons which have been 
considered. But these facts are not sufficient to enable us to 
form an hypothesis in regard to its structure. On studying the 
many substitution-products of benzene, however, we soon become 
acquainted with facts of a different order and of the highest im- 
portance. 

It will be remembered that the theory in regard to the rela- 
tions of the paraflins to each other is based upon the fact, that 
only one mono-substitution product of marsh gas can be obtained 
with any given substituting agent. There is but one chlor- 
methane, but one brom-methane, etc. This fact leads us to 
believe that each hydrogen atom of marsh gas bears the same 
relation to the carbon atom, or that marsh gas is a S3'mmetrical 
compound. A similar conclusion has been reached in regard to 
benzene ; and it is based upon a most exhaustive study of the 
substitution-products. Notwithstanding almost innumerable 
efforts to prepare isomeric mono-substitution products of ben- 
zene, no such isomeric substances have been prepared. There 
is but one mono-brom-benzene, but one mono-chlor-benzene, 
etc., etc. Further, mono-brom-benzene has been prepared by 
replacing the six hydrogen atoms of l)enzene successively by 
bromine ; and the product has been found to be the same, no 
matter which hydrogen is replaced. As this fact is of funda- 
mental importance, it will be well to consider how it is possible 
to replace the six hydrogens successively, and to know that in 
each case a different hydrogen atom Va Ye^\«^fe^. ^WK^a Vfe-^ouLd 
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lead as too far to follow this subject in detail, the principle 
made use of can be made clear in a few words : — 

We have a compound, the formula of which is CeHg. Write 

12 8 4 5 6 

it thus, CfiHELHHHH, numbering the hydrogen symbols to facil- 

1 
itate reference to them. The problem is to replace, say H, by 

bromine; in a second case, to replace H by bromine; in a 

3 

thirds H, etc ; and to compare the six mono-brom-benzenes thus 
obtained. Suppose we treat benzene with bromine. We get 
a mono-brom-benzene, and we know that one of the hydrogen 
atoms is replaced by bromine, but of course we cannot tell 
which one. We may assume that it is any one of the six 
represented in the above formula. For the sake of the argu- 

1 2 3 4 5 6 

ment, call it H. Our compound is therefore CeBrHHHHH. 
Now treat this compound with something else which has the 
power to replace the hj^drogen, say nitric acid. A second 
hydrogen atom is replaced by the nitro group NO2. Again, 
we do not know which one of the hydrogen atoms is replaced 
in this operation, but we do know that it is a different one 

from that which was replaced by the bromine in the first 

2 

operation. Call it H. We have, therefore, the compound 

3 4 3 6 

CJBr(N02)HHHH. By treating this compound with nascent 

hydrc^en, two reactions take place, the chief one for our 

present purpose being the replacement of the bromine by 

1 
hydrogen. In other words, H is put back into the com- 

1 8 4 6 6 

pound again, and we have CeH(N02)HHHH. By means 
of two reactions which will be studied farther on it is a 
simple matter to replace the nitro group by bromine. This 

I 3 4 5 6 

done, we have the compound CeHBrHHHH, or a mono-brom- 
benzene, in which the bromine certainly replaces a different 
hydrc^en atom from that replaced by direct substitution. The 
two products are, however, identical. The aboye explanatloxk 
wiU serve to make the principle clear wlaich. \a \\i\cJvN^^ \x^ *^V<8i 
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study of the relations which the hydrogen atoms contained in 
benzene bear to the molecule. The principle has been applied 
successively to all the hydrogen atoms, and, as already stated, 
the result is the proof that all these hj'drogen atoms bear the 
same relation to the molecule. 

Thus far we have formed no conception in regard to the rela- 
tions existing between the constituents of benzene. Can we, 
on the basis of the facts above stated, form any satisfactory' 
conception in regard to these relations ? How can we imagine 
six carbon atoms and six hydrogen atoms arranged so that all 
the latter shall bear the same relation to the molecule? The 
simplest conception is that each carbon is in combination with 
one hydrogen, and that the six carbon atoms are arranged in 
the form of a ring, and not, as in the paraffins, in the form of 
an open chain, or a chain with branches. Using our ordinary 
method of representation, this conception is symbolized in the 
formula 




or, as the curved lines have no special significance, the cxpres 
sion becomes ^^ 

r I 

HCv /CH 

H 

This symbol, then, is the expression of a thought which is 
suggested by a study of the chemical conduct of benzene. 
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Before we can accept it as probable, it must first be tested b^ 
all the facts known to us. If it is not in accordance with all of 
them, if it suggests possibilities which are not realized, then it 
must be discarded, and we must form some other conception in 
regard to the structure of benzene. 

In the first place, then, does it account for the addition 
products, benzene hexabroraide, hexa-hydro-benzene, etc. ? The 
formula represents each carbon atom as trivalent, and we should 
expect, therefore, that each one could take up an additional 

univalent atom, forming, in the case of bromine, a compound 

of the formula jj^ 

BrHC^ ^CHBr 

I I 

BrHCv /CHBr 

HBr 

In which each carbon atom is acting as a quadrivalent atom. 
Unless the ring form of combination between the carbon atoms 
is broken up, it is impossible for the compound to take up more 
bromine. Hence, the last product of the addition of bromine 
to benzene should be benzene hexabromide ; and, in the same 
way, the last product of the addition of hydrogen should be 
hexa-hydro-benzene, as it is. The facts and the hypothesis are 
in harmony. 

Again, we may inquire : Of how many isomeric di-substitu- 
tion products of benzene does the hypothesis suggest the exist- 
ence? Numbering the hydrogens in the formula, we have : — 

(6)HC/ ^eH(2) 



(6)HC\ /CH(3) 

C 
H(4) 

The hydrogenB (1) and (2), (2) and (3), (3) and (4), (4) and 
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(5), (5) and (6), and (6) and (1), bear the same relations to 
each other ; and, according to the formula, whether we replace 
(1) and (2), or (2) and (3), or (3) and (4), or any other of 
the above-named pairs, the product ought to be the same. We 
should get a compound of which the following is the general 
expression, in which X represents any substituting atom or 
group : — X 

I I 

HCv /CH 

\^/ 

H 

Formula 1. 

lu the second place, the hydrogens (1) and (3), (2) and 
(4), (3) and (5), (4) and (6), (5) and (1), and (6) and (2) 
bear to each other the same relation, but a different relation 
.from that which the above pairs do. Replacing any such pair, 
we should have a second compound, which is represented by 
the general formula 

X 

I I 

HC\ /CX 

H 

Fonniila n. 

Finally, there is a third kind of relation, which is that betwee 
hydrogens (1) and (4), (2) and (5), and (3) and (6) ; and, b 
replacing such a pair, we should get a compound represents 
by the general formula _ 

I I 

HC\ /CH 

"X. 
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The hypothesis suggests no other possibilities. We see thus 
that the hypothesis indicates the existence of three, and only 
three, classes of di-substitution products of benzene. There 
ought to be three, and only three, di-chlor-benzenes ; three, 
and only three, di-brom-benzenes, etc. 

The di-substitution products have been studied very exhaust- 
ively for the purpose of determining definitelj- whether the 
conclusion above reached is in accordance with the facts ; and 
it may be said at once, that every fact thus far discovered is in 
harmony with the hypothesis. Three well-marked classes of 
isomeric di-substitution products of benzene are known, and 
only three ; and many representatives of the three classes have 
been studied carefully. There are many other facts of less 
importance known which furnish arguments in favor of the ben- 
zene hypothesis expressed in the formula above discussed, but 
this is not the place to discuss them. Let it suffice, for the 
present, to recognize that the hypothesis is in accordance with 
the most important facts known to us. 

There is one point which has not been touched upon, and 
that is the relation of the carbon atoms to each other. In 
regard to this, as well as to the relation between the carbon 
atoms in ethylene and acetylene, we know nothing. The 
formula is commonly written thus: — 

H 

II 



HC <\. • CH 
H 

which indicates that the carbon atoms are joined together 
alternately by single and by double bonds. This formula, 
liowever, expresses something about which we know little, and 
^neerning which it is difficult, at present, to ioiiTSi ^Xi.-^ ^«a^^^v 
^^on. The simple formula 
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H 

I I 

HC. /CH 

H 

leaves the question as to the relation between the carbon atoms 
entirely open, as it is in fact. ^^ 

The benzene hypothesis has thus been treated somewhat fully 
for the reasons, that it has played an extremely important part 
in the study of the benzene derivatives, that its use serves 
greatly to simplify the study of these derivatives, and that in 
most text-books, whether elementary or advanced, the hypothesis 
is merely stated, while the student is left to find out for himself 
its meaning, and this he generally fails to do. We may now 
return to a study of the facts upon which the hypothesis is 
founded. 



Toluene, 07H8(= OeHs.OHs). — Toluene was known before 
it was obtained from coal tar, as it is formed by the dry distilla- 
tion of Tolu balsam, whence its name. Its relation to benzene 
is shown by its synthesis from brom-benzene and methyl 
iodide : — 

CeHfiBr + CHsI + Na, = CeHs-CHg + NaBr + Nal. 

Note for Student. — Compare this reaction with that used In the 
synthesis of ethane from methane, of propane from ethane and 
methane, etc 

According to this synthesis, toluene appears as methyl-benzene^ 
or benzene in which one hydrogen is replaced by methyl ; or as 
phenyl-methane^ or methane in which one hydrogen atom is re- 
placed by the radical phenyl, CgHg, which bears the same 
relation to benzene that methyl bears to marsh gas. 
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Toluene is a colorless liquid which boils at 110°; has the 
specific gravity 0.8824 at O*'; and has a pleasant aromatic 
odor. 

It is very susceptible to the action of reagents yielding a large 
number of substitution-products, some of the most important 
of which will be taken up farther on. 

But one toluene or methyl-benzene has ever been discovered. 

Towards oxidizing agents its conduct is peculiar and interest- 
ing. The methyl is oxidized, while the phenyl remains intact. 
The product is a well-known acid, benzoic acid, which, as we 
have seen, breaks up readily into carbon dioxide and benzene. 
It has the composition C7H6O2, and is the carboxyl derivative 
of benzene, CeH4.C02H. The oxidation of toluene is repre- 
sented by the equation 

CeHj.CHs + 30 = CeHa.COaH + H^O. 

Xylenes, 08Hio[= C6H4(OH3)2]. — That portion of light oil 
which boils at about 140" was originally called xylene. It 
was afterwards found that this coal-tar xylene consists of 
three isomeric hydrocarbons. As the boiling-points of these 
three substances lie quite near together, it is impossible to 
separate them by means of fractional distillation. By treat- 
ment with sulphuric acid, however, they can be separated, 
and thus obtained in pure condition. They are known as 
orthO'Xylene^ metOrxylene^ and para-xylene. 

Ortho-zylene resembles benzene and toluene in its general 
properties, but boils at 140° to 141°. 

Meta-zylene boils at 137°. 

Para-xylene boils at 136° to 137°. 

These hydrocarbons have also been obtained from toluene by 
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means of the reaction made use of for the purpose of converting 
benzene into toluene : — 

CeH4 < ^^« + CHsI + 2 Na = CeH4 < ^JJ^ +NaBr + Nal. 
Br CHg 

This shows that they are all methyl-toluenes. There are 
three mono-brom-toluenes, known as ortho-, meta-, and para- 
brom-toluene. For the preparation of ortho-xylene, ortho- 
brom-toluene is used; meta-brom-toluene yields meta-xylene, 
and para-brom-toluene yields para-xylpne. 

Ortho- and meta-xylene have also been obtained from certain 
acids, which bear to them the same relation that benzoic acid 
bears to benzene : — 

fCHs 
QHj ■< CHg = C6H4(CHg)2 + COg. 
(CO2H 

The reaction by which meta-xylene is formed from mesitylenic 
acid is of special importance, as will be pointed out. 

By oxidation, the xylenes undergo changes like that which is 
illustrated in the formation of benzoic acid from toluene, and 
which consists in the transformation of methyl into carboxyl. 

The first change gives acids of the formula CgH4<^^» one 

CO2H. 

corresponding to each xylene. By further oxidation, these 
three monobasic acids are converted into dibasic acids of the 

CO H 
formula ^8^*'<r;o^H' Thus, we have the three reactions, alL 

of the same kind: — 

(1) CH, . CHg +30 = CgH, . CO2H .+ HjO ; 

(2) C.H^ <^ +30 = C,H, < ^' + H,0 ; 

and (3) CeH« < ^'^ + 3 O = CeH, < ^^ + H/). 
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CH 
The three monobasic acids of the formula ^«^*<co'h ^^ 

known as ortho-toluicy meta-toluic^ and parortoluic acids re- 
spectively ; and the three dibasic acids obtained from them 
are known as ortho-phthcUic, meta-phthalicy and para-pMhalic 
acids. Starting thus from the three brom-toluenes, we get, 
first, three xylenes, then three toluic acids, and finally three 
phthalic acids. In each case, we' distinguish between the 
three isomeric compounds by the prefixes ortlio^ meta, and 
para. In a similar wa}-, all di-substitution products of ben- 
zene are designated. We therefore have three series into 
which all di-substitution products of benzene can be arranged ; 
and these are known as the Ortho-series, the Meta-series, and 
the Para-series. In arranging them in this wa}', we may 
select any prominent di-substitution product, and call it an 
ortho compound; and then call one of its isomerides a meta 
compound, and the other a para compound. Having thus a 
representative of each of the three classes, the remainder of 
the problem consists in determining for each di-substitution 
product, by means of appropriate reactions, into which one 
of the three representatives it can be transformed. If from 
a given compound we get the representative of the ortho 
series, we conclude that the compound belongs to the ortho 
series ; if we get the representative of the meta series, we 
conclude that the compound is a meta compound ; and if we 
get the representative of the para series, we conclude that 
the compound is a para compound. As representatives, we 
may select either the three xjlenes or the three phthalic 
acids. Now, to repeat, any di-substitution product of ben- 
zene which can be converted into ortho-xylene or into ortho- 
phthalic acid is regarded as an ortho compound, etc. 

This classification of the di-substitution products of benzene 
into the ortho, meta, and para series, by means of chemical 
transformations, is entirely independent of any hypothesis re- 
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garding the nature of benzene. We may now ask, however, 
which one of the three general expressions given above (see 
formulas I., II., and III., p. 240) represents the relation of the 
groups in the ortho compounds, which one the relation in the 
meta compounds, and which one the relation in the para com- 
pounds. If we can answer these questions for any three 
isomeric di-substitution products, the answer for the rest will 
follow. To reduce the problem to simple terms, therefore, 
let us take the three xylenes. We have three xylenes and 
three formulas : how can we detennine which particular form- 
ula to assign to each xylene ? 

As may be imagined, this determination is by no means a 
simple matter ; and it has been the occasion of a great msLuy 
investigations. Theoretically, the simplest method available 
consists in carefully studying the substitution-products of each 
xylene, to discover how many varieties of mono-substitution 
products can be obtained from each. The formulas are : — 

OHg (^Hs ^H3 

... 

(4)HC/ ^C.CHa (4)HC/ ^CH(l) (4)HC^ ^CH(l) 

II II If 

(3)HC\ /CH(1) (3)HC\ /CCHs (3)HCv /CH(2) 
^C C C 

H H 

(2) (2) 

Formula I. Fonnala n. Formula TTT . 



CH3 



Each of the four unreplaced benzene hydrogens of the xylene 
of formula III. bears the same relation to the molecule. It 
therefore should make no difference which one is replaced, the 
product ought to be the same. This should not be true of 
the xylenes represented by formulas I. and II. That xylene, 
whose stracture is represented by formula III. , ought therefore 
to yield but one kind of mono-substitution product. On study- 
ing the xylenes, we find the one which boils at 136® to 137**, 
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called para-xylene, yields but one kind of mono-substitation 
prodacts ; that is, we can get from it only one mono-brom- 
xylene; only one mono-nitro-xylene, etc. We therefore con- 
clude that pai'a-xylene is represented by formula III. above ; 
and, farther, that formula III., on p. 240, is the general ex- 
pression for all para compounds. 

Examining formula I., on the preceding page, in ,the same 
way, we see that H(l) and H(4) bear the same relation to the 
molecule ; and that H(8) and H(2) also bear the same relation 
to the molecule, though different from that of H(l) and H(4). 
Two chlor-xylenes of the formulas 

CHs CHg 

I I and i I 

^c c 

H CI 

ought to be obtainable from the xylene of formula I. ^^'^ ' 

In the same way three mono-substitution products might be 
obtainable from the xylene of formula II. The method, the 
piinciple of which is thus indicated briefly, while theoretically 
Bunple enough, is very difficult in its application, except in the 
case of the para compounds. Other methods have therefore 
been used, and these will be discussed under mesitylene and 
naphthalene. It may be said, in anticipation, that the result 
of all observations point to formula I. for ortho-xylene ; to 
formula II. for meta-xj^lene, and to formula in. for para- 
xylene. 

Bthyl-bexizene, 08Hio(=0«H5.02H5). — This hydrocarbon is 
isomeric with the xylenes, but differs from them in that it con- 
tains an ethyl group in the place of one hydrogen of benzene, 
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instead of two methyl groups in the place of two hydrogens of 
benzene. ^/^ 

It is made by treating a mixture of brom-benzene and ethyl 
bromide with sodium : — 

CeHfiBr + CaH^Br + 2 Na = C«H5.C2H5 + 2 NaBr. 

Its conduct towards oxidizing agents distinguishes it from the 
xylenes. It yields benzoic acid, just as toluene does. In this 
case, as in that of toluene, the paraffin radical is converted into 
carboxyl. It has been found that no matter what this radical 
may be, it is, under the same circumstances, converted into car- 
boxyl. Thus, the conversions indicated below take place : — 

CflHfi.CHs gives C6H5.CO2H. 

C6H5 . C2H5 ' ' ^eP-s • COgH . 

CftHg . CsHj ' ' C^Hf . CO2H . 

CJa-a . CgHu ' ' -CgH^ . CO2H . 

n Ti ^ CH3 jj r TT ^ CO2H 

C.H, < ^^ " C,H. < ^^^, ete., etc. 

Off « 



Mesitylene, 09Hi2[=06H3(OH3)3]. — Mesitylene is contained 
in small quantity in light oil, and can be obtained in pure con- 
dition from this source. It is most readily prepared by treating 
acetone with sulphuric acid : — 

3 CsHgO = C9H12 4" 3 H2O. 

It is a liquid resembling the lower members of the series in it^ 
general properties. It boils at 163°. 

Its conduct towards oxidizing agents shows that it is a tri— 
methyl-benzene. When boiled with dilute nitric acid, it yields^ 
mesitylenic acid^ C9H10O2, and uvitic acid^ Cj^HgOi; and, by 
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farther oxidation with chroipic acid, trimesitic acidj C^HeO^, is 
formed. By distillation with lime, mesitylenie acid yields meta- 
xylene and carbon dioxide ; uvitic acid yields toluene and car- 
bon dioxide; and trimesitic add yields benzene and carbon 
dioxide. The formation and decomposition of the acids may 
be represented by the equations following : — 



rCHs 
+ 30 = CeHsjCHs + HaO; 

(CO2H 

Mesitylenie add. 

fCH, 
+ 30 = C«H» J COjH + H/) ; 
jxx (cOjH 

Medtylenic acid. Uvitic acid. 

( CHa ( COjH 

CsHs] COjH + 30 = C^A COjH + H^O; 



CtHg(CH8)j 

Medtylene. 

(CH, 
^CO,H 



CcOjH 

Uvltio add. 

fCH, 
(.COjH 

Mesitylenie acid 

CeHs ] CO2H 
(cOaH 

Uvitio add. 

rCOsH 

CeHs ] CO2H 
(CO2H 

Trimesitic acid. 



(cOsH 



Trimesitic acid. 



=s CeH4 



fCH, 
(CH, 

Meta-xy!ene. 



+ C0,; 



= C,H«.CH, + 2 CO,; 

Toluene. 



= CgHg + 3 COg. 

Benzene. 



These transformations show clearly that mesitylene is tri- 
methyl-benzene, but they do not show in what relation the 
methyl groups stand to each other. 

An ingenious speculation in regard to this relation is based 
upon the fact that mesitylene is formed from acetone. It 
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appears probable that each of the three molecules of acetone 
taking part m the reaction, 

undergoes the same change. As the product contains three 
methyl groups, the simplest assumption that can be made is 
that each acetone molecule gives up water as represented 
thus: — 

CHs-CO-CHs = CHs-C-CH + UjO. 

Acetone. 

We thus have three residues, CHg— C— CH, and these unite 
to form trimethyl benzene. The only way in which the union 
can be represented, assuming that all three act in the same 
way, is this : — 

CH3 

I I 

H^C/.C/v /O.CH3 

H 

According to this reasoning, mesitylene is a symmetrical com- 
pound, — that is to say, each of the three methyl groups bears 
the same relation to the molecule ; and the same is true of each 
of the three benzene-hydrogen atoms. 

This view has been tested by replacing the three hj'drogen 
atoms successively by bromine ; and it has been found that 
the view is confirmed, as but one mono-bromine substitution- 
product of mesitylene has ever been obtained. Accepting the 
formula above given for mesitylene, an important conclusion 
follows regarding the nature of meta-xylene. For we have 
seen that, by oxidizing mesitylene, we get, as the first product, 
mesitylenic acid, — which is mesitylene, one of whose methyls 
has been converted into carboxyl. As all the methyl groups 
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bear the same relation to the molecule, it makes no difference 
which one is oxidized. The acid has the formula 



CHs 

I I 

OOjH.Cv •G.CH3 

H 



Now, by distilling this acid with lime, carbon dioxide is given 
oflp, and meta-xylene is produced. 

As the change consists in removing the carboxyl, and replac- 
ing it by hydrogen, it follows that meta-xylene must be repre- 
sented by the formula 

CHs 



H 



and consequently that, in all meta compounds, the two substi- 
tuting atoms or groups bear to each other the relation which the 
two methyl groups bear to each other in this formula for mota- 
xylene. 

Pseudocuxnene, 09Hi2[=08H8(OH3)3]. — This hydrocarbon, 
which is isomeric with mesitylene, occurs in coal-tar oil, from 
which it can be made in pure condition. Its properties are 
similar to those of the lower members of the series. It boils 
at 169.8^ 

Pseudocnmene has been made synthetically from brom-para- 
xylene and methyl iodide, and also from brom-meta-xylene and 
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methyl iodide. How this is possible, will be understood by an 
examination of the formulas below : — 

CII3 CH3 

• • 

II II 

HCv /CBr HCv /CCHj 

CH ^^ 

n ^, Brom*mota-zylene. 

Brom-para-zylene. ' 

Replacing the bromine by methyl, in either of the compounds 
represented, the product would have the formula 

CH3 

I I 

CH, 

which is that of pseudocumene. 

Oymene, 1 OioHh ( C^EU < ^^^ \ • 

Para-methyl-isopropyl-benzene, ^ v CsH?/ 

This hydrocarbon is of special importance and interest, on 
account of its close connection with two well-known groups 
of natural substances, — the groups of which camphor and oil 
of turpentine are the best-known representatives. It occurs in 
the oil of caraway and the oil of thyme. The terpenes, which 
are hydrocarbons of the formula CioHm, and of which oil of 
turpentine is the best known, easily give up two hydrogen 
atoms and jield cymene. Probably the simplest wa^- to pre- 
pare cymene is to treat camphor with phosphorus pentasul- 
phide, zinc chloride, or phosphorus pentoxide. 
It 18 a liquid of a pleasant odor. It boils at 175®. 
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It has been made synthetically from para-brom-toluene and 
isopropyl bromide : — 

CeB[4<^^* + CaHyBr + 2 Na 
Br 

= CeH,<J^« +2NaBr, 

which clearly shows its relation to benzene. As the final 
product of its oxidation, it yields para-phthalic (terephthalic) 

acid : — 

Bee p. 248. 



CHAPTER XV. 

DBRIVATIVBS OP THE HYDROCARBONS, CiSan-e, 
OF THE BENZENE SERIES. 

Recalling what we learned under the head of Derivatives of 
the Paraffins, we naturally look for representatives of all the 
classes of compounds there met with. The derivatives of the 
paraffins were classified into : — 

1. Halogen derivatives. 

2. Oxj'gen derivatives, including the Alcohols, Aldehydes, 

Acids, etc. 

3. Sulphur derivatives, including the Mercaptans, Sulphonic 

Acids, etc. 

4. Nitrogen derivatives, including Cyanides, Amines, Nitre com- 

pounds, etc. 

5. Metallic derivatives. 

The derivatives of the benzene hydrocarbons may be classi- 
fied in the same way, but a change in the order of consideration 
will be somewhat more convenient in this connection, owing to 
many points of analogy which exist between the halogen sub- 
stitution-products, the nitro compounds, and the sulphonic 
acids. All of these three classes of derivatives of the benzene 
hydrocarbons are made by direct treatment of the hydrocarbons 
with the substituting agents, and in some respects resemble 
each other, so that they will be studied in connection. As 
the amido derivatives of this series are made almost exclusively 
from the nitro compounds by reduction, they will be taken up 
in connection with the nitro compounds ; and, further, by treat- 
ment of the amido compounds with nitrous acid, a new class 
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of nitrogen derivatives, known as diazo compounds^ not met 
with in connection with the paraflans, is formed. These will 
be taken up after the amido compounds. 

After these classes have been studied, we shall take up in 
torn the oxygen derivatives, which include the phenols or simple 
hydroxyl derivatives of the hydrocarbons, the alcohols, alde- 
hydes, acids, and ketones ; and, finally, the hydroxy -acids, 
which are strictly analogous to the hydroxy-acids of the paraffin 
series. 

We have thus the following classes : — 

1. Halogen derivatives. 5. Svlphonic acids, 9. Adds, 

2. 2^ro compounds, 6. Phenols, 10. Ketones (and 

3. Amido compounds, 7. Alcohols, Quinones) , 

4. Diazo compounds, 8. Aldehydes. 11. Hydroxy-acids, 

The relations of most of these classes to the hydrocarbons 
are the same as those of the corresponding derivatives of the 
paraffin series to the paraffins; and the general methods of 
preparation, as well as the reactions, are the same. Hence, 
most of the knowledge acquired in the first part of the course 
may be applied to the series now under consideration. 

An enormous number of derivatives of the benzene hydrocar- 
bons have been prepared and studied ; but we need study only 
veiy few in order to acquire a general knowledge of them. In 
the following a few of the more important representatives of 
each class will be studied, mainly with the object of illustrating 
general facts and general relations. 

Halogen Derivatives op Benzene. 

Very little need be said in regard to these derivatives. By 
direct action of bromine or chlorine upon benzene the hydrogen 
atoms are replaced one after another, until, as the final products, 
loBCHihlor 'benzene, CgCl^j, and hexa'brom'benzene, CeBrg, are ob- 
tained. It has already been stated that, when the action takes 
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place in direct sunlight, addition-products, CeHgCle and CeHgBrg^ 
are formed. Benzene hexacliloride, CeHgCle, is formed also 
when chlorine is conducted into boiling benzene. The addition- 
products are readily decomposed, yielding tri-substitution prod- 
ucts of benzene and halogen acid : — ^ 

CeHeBre = CflHaBrg + 3 HBr. 

The substitution-products are very stable. They are, as a 
rule, formed more easily than the halogen derivatives of the 
paraffins, and, as a rule, they do not give up the halogens as 
readily. Thus, while it is possible in the paraffin derivatives 
to replace chlorine and bromine by hydroxyl, the amido group, 
etc., these replacements cannot easily be effected in the benzene 
derivatives. The halogens can be removed by sodium, as 
shown in the synthesis of hydrocarbons : — 

CeHfiBr + CU^l -f 2 Na 
=s CfiHfi.CHj + NaBr + Nal, etc., etc. 

They can also be removed by nascent hydrogen, the hydro- 
carbons being regenerated : — 

CftH4Cla -t- 4H = CeHe + 2HC1. 

This kind of reverse substitution is not, however, effected 
easily. 

Perhaps the best known of the di-substitution products of th^ 
class under consideration is 



Dibrom-benzene, CeHiBra, which is one of the products 
the direct treatment of benzene with bromine. This being a 
di-substitution product of benzene, it follows, from what hsLS 
been said in regard to isomerism in this group, that three 
isomeric varieties of the substance ought to be obtainable ; and 
the interesting question suggests itself: which one of tlie i 
three possible dibrom-benzenea \s» loTme^\i^ ^^^^Wjt'waJGssiKsis.^ ( 
benzene with bromiae? TVie aua^Nex \o -Qti^ ca^^-eJctfya. Sa ^^ri^^. 
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interesting. The main product of the action is para-dibYom.- 
benzene, while there is always formed in much smaller quantity 
some of the oHho product. The reason why these products 
are obtained, and not the 7)ieta compound, is unknown ; nor 
has any plausible hypothesis been suggested to account for the 
fact. 

In studying the substitution-products of benzene, one of 
the first problems that presents itself is the determination 
of the relations which the substituting atoms or groups bear 
to each .other. The determination is made, as has been 
stated, by transforming the compounds into others, the rela- 
tions of whose groups are known. Thus, to illustrate, when 
benzene is treated under the proper conditions with bromine, 
two dibrom-benzenes are formed. Without investigation, we, 
of course, cannot tell to which series these compounds belong. 
But, by treating that product which is fonned in larger quantity 
with methyl iodide and sodium, we get para-xylene. In other 
words, by replacing the two bromine atoms of the dibrom- 
benzene by methyl groups, we get a compound which we know 
belongs to the para series ; and, therefore, we have determined 
that tke bromine product is a para compound. In the follow- 
ing the chief reactions made use of for effecting the trans- 
formations of the derivatives will be discussed. 

Halogen Derivatives op Toluene. 

As toluene is made up of a residue of marsh gas, methyl, 
CHg, and a residue of benzene, phenyl, CgHs, we may naturally 
expect to find that it yields two classes of substitution-products : 
viz., (1) Those in which the substituting atom or group replaces 
one or more hydrogen atoms of the phenyl group; and (2) those 
in which the substitution takes place in the methyl. In gen- 
eral, when treated with chlorine or bromine in direct sunlight, 
or if boiling, toluene yields products of the second class ; whiley 
when treated in the dark, or if cold, it ^\e\d<& pxod\x<(^\^ ^1 "^^ 
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first class. Thus, we have the two parallel series of chlo- 
rine derivatives: — 

L n. 

1^8x1401 •CH3 CqH.5 .CMjCl. 

V/gUgd^ .dig. ^6^5 •OHC/I2. 

When a member of the first class is oxidized, the methyl is 
changed, and the rest of the compound .remains unchanged, 
as in the case of toluene. Thus, the first substance of class I. 
yields the product C6H4CI.CO2H; the second, CfiH8Cl2.C02H, 
etc. These products are substituted benzoic adds. On the 
other hand, all the members of the second clfuss yield the same 
product that toluene does; viz., benzoic cicid. Hence, by 
treatment with oxidizing agents, it is easy to distinguish between 
the members of the two classes. Further, the halogen atoms 
contained in the methyl are not as firmly held in combination 
as those in the phenyl. When, for example, the compound 
CeHfi.CHQg, which is called benzol chloride, is treated with 
water, both chlorine atoms are replaced by oxygen, the product 
being the aldehyde CgHg.CHO, which, as we shall see, is the 
familiar substance, oil of bitter almonds. When, however, the 
isomeric di-cJilor-toluene CaH3Cl2.CH3 is heated with water, no 
change takes place. 

Regarding those simple substitution-products of toluene which 
contain one halogen atom in the phenyl, such as mono-brom- 
toluene, CgH^Br.CHg, we see that they are di-substitution prod- 
ucts of benzene, and hence capable of existing in three isomeric 
varieties, ortho, meta, and para. The products formed by 
direct treatment of toluene with chlorine or bromine are mixtures 
consisting mostly of the para compound, together with a mnch 
smaller quantity of the ortho compound. 

The determination of the series to which one of these products 
belongB can be made by rep\ac\ii^\5aft\i«^o^<$i\i^i^ tsn^^^ I 
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thus getting the corresponding xylene. The main product oi 
the action of bromine on toluene is thus converted into para- 
xylene, and is therefore para-brom-toluene. 

Halogen Deriyatiyes of the Higher Members of 

THE Benzene Series. 

Concerning the halogen derivatives of xylene, it need only be 
said that the only one of the three xylenes from which pure 
products can easily be obtained is para-xylene. When this is 
treated with bromine it yields but one mono-brom-xylene. The 
significance of this fact has been discussed above. The mono- 
snbstitation products obtained from the other xylenes are 
mixtures which it is very difficult, and in some cases impos- 
sible, to separate into their constituents. Mesitylene and 
pseudocumene, though both are tri-methyl-benzenes, conduct 
themselves quite differently towards bromine, — the former yield- 
ing only one mono-bromine product; the latter, a mixture of 
severaL 

Nueo Compounds of Benzene and Toluene. 

In speaking of nitro compounds in connection with the paraf- 
fin derivatives (see p. 100), it was stated that they are obtained 
much more readily from the benzene hydrocarbons than from 
the paraffins. But few nitro derivatives of the paraffins are 
known. As will be remembered, they cannot be prepared by 
treating the paraffins with nitric acid, but must be made by 
circuitous reactions, the principal one being the treatment of 
the halogen derivatives with silver nitrite : — 

CjHsBr + AgNOa = C2H5(N02) + AgBr. 

Nitro-ethane. 

The preparation of a nitro derivative of a hydrocarbon of 
the benzene series is a simple matter. It is only necessary to 
Wing the hydrocarbon in contact with strong nitric acid^ '^\\ft.\s. 
Inaction takes phice, and one or more hydtog^ii ^X.oix^ ol \5ckfe 
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hydrocarbon are replaced by the nitre group NOj, as represented 
in the equations, — 

C«Hg -r HNO, = CeH, . NOj + H^O ; 

CeHj . NO2 + HNOg = CeH«(N02)2 + HjO ; 

CeH, .CH, + HNOg = C«H< < JJ^' + HgO ; 
CJI, < ^2' + HNOa = C«H, < J^^^^)' + HA 

Otis OJI3 

The nitro compounds thus obtained are not acids, nor are 
they ethereal salts of nitrous acid, as the formulas might lead 
us to suppose. The most rational view is, that they are 
formed from nitric acid by the substitution of radicals for 
hydroxyl, as indicated thus : — 



CeH^IH + HOJ.NO2 = CeHa.NOa + H2O. 

Mono-nitro-benzene, OeHs.NOa. — This substance is made 
by treating benzene with concentrated nitric acid, or with a 
mixture of ordinary concentrated nitric and sulphuric acids. 
In the latter case, the sulphuric acid facilitates the reaction, 
probably by preventing the dilution of the nitric acid by the 
water necessarily formed. 

Experiment 58. Make a mixture of 150«» ordinary concentrated 
sulphuric acid, and 75^ ordinary concentrated nitric acid. Let it cool 
to the ordinary temperature. Put the vessel containing it in water, 
aud add about 15^ to 20cc benzene, a few drops at a time, waiting each 
time until the reaction is complete. Shake well until the benzene is 
dissolved; then pour slowly into about a litre of cold water. A yellow 
oil will sink to the bottom. This is nitro-benzene. Pour off the acid 
and water ; wash two or three times with water ; separate the water 
by means of a pipette, and dry by adding a little granulated calcium 
chloride. After standing for some time, pour off from the calcium 
chloride, and distil from a proper sized distilling-bulb, noting the 
boiling temperature. 

Nitro-benzene is a liquid which boils at 205°, and has the 



.V. 
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specific gravity 1.2. Its odor is like that of the oil of bitter 
almonds, and it is hence used in many cases instead of the 
latter. It is known as the essence of mirhane. It is manufac- 
tured on the large scale, and used principally in the preparation 
of aniline. 

Dinitro-benzene, OcH^CNOzlz. — This is a product, of the 
further action of nitric acid on benzene, or on nitro-benzene. 

JBxperiinent 50. Make a mixture of 50«5 concentrated sulphuric 
acid, and SO** fuming nitric acid. Without cooling add very slowly 
about 10«5 benzene from a pipette with a fine opening. After the 
action is over, boil the mixture for a short time ; then pour into about 
half a litre of water. Filter off the solid substance thus precipitated, 
press it between layers of fllter-paper, and crystallize from alcohol. 

Dinitro-benzene crystallizes in long, fine needles, or thin, 
rhombic plates. Melting-point, 91°. 

By means of two reactions, which will be described under 
the head of Diazo Compounds, it is a simple matter to replace 
the two nitro groups by bromine, thus converting dinitro-ben- 
zene into dibrom-benzene. When the latter is converted into 
xylene, the product is meta-xylene. Hence, ordinary dinitro- 
benzene is a meta compound. 

Nitro-toluenes, 06H4(NO2).0H3. — When toluene is treated 
with strong nitric acid, substitution always takes place in the 
phenyl. The chief mono-nit ro-toluene is a para compound ; 
while, at the same time, a little of the isomeric ortho compound 
is obtained. 

NoTB FOR Student. — "What mono-bromine products are formed 
by direct treatment of toluene with bromine ? Given a mono-nitro- 
toluene, how is it possible to determine whether it belongs to the 
ortho, the meta, or the para series? 

By treatment with nascent hydrogen, the nitro-toluenes are 
converted into the corresponding amido compounds, called 
Toluidinea (which see) . 
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Amido Compounds op Benzene, etc. 

I'he amido derivatives of the paraffins are made, for the mos 
part, by treating the halogen derivatives with ammonia : — 

CgH^Br + NHg = C2H5.NH2 + HBr. 

In speaking of these derivatives, however, attention was calle< 
to the fact that they can also be made by treating nitro com 
pounds with nascent hydrogen. The latter method is one o 
great importance in the benzene series. It is used exclusivel; 
in the preparation of the amido derivatives of the benzen 
hydrocarbons. Several of these derivatives are well known 
the simplest and best known being amido-benzene or aniline. 

Aniline, C6H7N(= OeHs.NHa). — Aniline was first obtainci 
from indigo by distillation. Anil is the Portuguese and Frenc 
name of the indigo plant, and it is from this that the nam 
aniline is derived. Aniline is found in coal tar and in bone oil 
a product of the distillation of bones. It is prepared by re 
duction of nitro-benzene with nascent hydrogen. On the larg 
scale the hydrogen is obtained from hydrochloric acid "and iron 
For laboratory purposes tin and hydrochloric acid^are perhap 
best. Other reducing agents, such as an ammoniacal solutioi 
of ammonium sulphide, hj'driodic acid, etc., also effect th 
change, which is represented by the following equation : — 

CeH^.NOa + 6H = CcHg.NHa -f 2H2O. 

Kxperimeat dO. Arrange a litre flask with a stopper and a stra"^ 
glass tube from two to three feet long. Put in the flask 868 granu 
lated tin and about 400k ordinary concentrated hydrochloric acid. No\ 
add slowly 608 nitro-benzene. After the action is over, add enougi 
water to dissolve the contents of the flask, then add sodium hydroxi(jJ 
until the precipitate first formed is nearly all dissolved. Distil, whlci 
aniline and water will pass over. Separate as in the case of broj 
ethane (see p. 30). 

Aniline is a colorless liquid which rapidly becomes colored! ii 
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the air. It boils at 184.5°. It solidifies at a low temperature ; 
is easily soluble in alcohol, but slightly soluble in water. The 
solution in water has only a very slight alkaline reaction. 

Experiment 61. To an aqueous sohition of a little of the aniline 
obtained in Exp. 60, in a test-tube, add a flltered solution of bleach- 
ing powder (calcium hypochlorite). A beautiful purple color is pro- 
duced. 

To a solution of aniline in concentrated sulphuric acid add a few 
^ops of an aqueous solution of potassium bichromate. A blue color 
is produced. 

Aniline bears to benzene the same relation that ethyl-amine 
or amido-ethane bears to ethane. It is a substituted ammonia, 
and, like other bodies of the same class, it unites directly with 
acids, forming salts. Thus, with hydrochloric, nitric, and 
sulphuric acids the action takes place as represented below : — 

CflH,.NH2 + HCl = (CeH5.NH3)a; 
CeH,.NH2 + HNO3 = (C6H5.NH3)N03; 
CeHfi . NH2 -f H2SO4 = CfiH^ . NH3HSO4. 

The decomposition of aniline hydrochloride by means of 
a caustic alkali takes place as represented in the following 
equation : — 

CeHfi . NH3CI + KOH = CeHfi . NH2 + H2O + KCl. 

Among the most interesting changes which can be effected in 
_ aniline is that which takes place when it is treated with nitrous 
' acid (see Diazo Compounds, below) . 

A KoTE FOR Student. — "What change Is usually effected in amido 
compounds by treating them with nitrous acid? 

Toluidines, amido-toluenes, O6H4 < t^^^ — The tolui- 

dines, of which there are three coiTesponding to the three nitro- 
toluenes, are made from the latter in the same way that aniline 
Ib made from nitro-benzene. As para-nitro-toluene is the best 
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known of the three nitro-toluenes, so para-toluidine is the best 
£nown of the three toluidines. 

The properties of the toluidines are much like those of aniline. 

Treated with various oxidizing agents, a mixture of aniline 
and the toluidines is converted into a compound known as 
rosaniline. This is the mother substance of the large group of 
compounds known as the aniline dyes. Rosaniline and its de- 
rivatives, the aniline dyes, will be treated under Tri-phenyh 
methane (which see) . 

Bv nitrous acid the toluidines are transformed in the same 
way that aniline is (see Diazo Compounds). 

The xylidines bear to the three xylenes the same relation 
that aniline bears to benzene. It is not a simple matter to get 
any one of them in pure condition. 

DiAzo Compounds op Benzene, etc. 

The usual action of nitrous acid on amido compounds is 
represented by the equation, — 

R.NH2 + HNO2 = R.OH + H2O + Ng. 

When an amido derivative of a hydrocarbon of the benzene 
series is treated with nitrous acid, and certain precautions ar^ 
taken, a product is obtained which contains two nitrogen- 
atoms, and which is, therefore, called a diazo compounds 
Thus, in the case of aniline sulphate, the action is represented, 
by the equation, — 

C6H5NH2.H2SO4 + HNO2 = C6H5N2.HSO4 + 2H2O. 

Aniline sulphate. Diazo-benzene sulphate. 

So, also, with the nitrate we have, — 

C6H5NH2.HNO3 + HNO2 = C6H5N2.NO3 + 2H2O. 

Aniline nitrate. Diazo-benzene nitrate. 

From these salts the diazo-benzene itself can be set free by 
means of acetic acid. It has been found to have the formula j 
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CiHiNj(OH). This compound is, however, very unstable, and 
is at once decomposed. 

Experiment 62. Arrange an apparatus as sbown in Fig. 14. In 
task A put arsenic trioslde (about 60*), and through the fnunel-tube 
poor 40" to fiO"= ordinary nitric acid (Hp. gr. 1.35). B is an empt; 
cjlinder surrounded by water. In place of the two small flaslcs repre- 
■ented In the figure one test-tube of about SO" capacity may be used, 
ud In it should be brought IW aniline nitrate, and 12" ice-cold water. 




Tbials placed in ice water. Pass a current uf the oxides of nitrogen 
nun the material In the tube dissolves. Add to the solution about 
u equftl volume of alcohol previoasly cooled to (P, and then a little 
cold etber. If the operation has been snccessfnl, a copious precipitate 
o( crystals of diazo-beme.ne nitrate will appear. Filter off with the 
>M of s suction-pump, and, without delay, proceed to study the proper- 
He* of the compound, 
fa) Dissolve a little in water of the ordinary temperature, and allow 
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the solution to stand. Decomposition, indicated by change of coloi; 
will take place. 

(b) Boil a little with water in a test-tube, and notice the odor of 
phenol or carbolic acid. 

(c) Boil a few grams with alcohol in a test-tube, and notice the ease 
with which the decomposition takes place. The chief product is ethyl' 
phenyl ether or phenetol, CgHg . . CjHj. 

(d) Boil some with hydrochloric acid. Chlor-benzene is formed, 
which sinks to the bottom when water is added. 

In all these experiments a gas is evolved which can be shown to be 
nitrogen. Collect some, and show that it does not support combustion. 

(e) Place a very little of the compound, dried by pressing in filter- 
paper, on an anvil, and strike it sharply with a hammer. It explodes. 

The above experimentB serve to indicate the InstabiHty of 
diazo-benzene niti'ate. This same instability is characteristic 
of all diazo compounds, and it is the ease with which they 
undergo a variety of changes that makes them so valuable. 
The principal changes are : — 

1. That illustrated in Exp. 62 (&), which is brought about 
by boiling with water. The action is represented thus : — 

C6H^a.N08 4-H20 = C6H5.0H + N2 + HN03. 

PbeDol. 

2. That illustrated in Exp. 62 (c) , which is effected by boil- 
ing with alcohol : — 

CeH^Na . NOj + CaH, . OH = QHa . O . C2H5 + N^ -f HNO3. 

Phenetol. 

3. That effected by hydrochloric acid as illustrated in Exp. 
62 (d) : — 

CgHsNj.NOs + HCl = CgH^Cl + N^ -f HNOa. 

Mono-chlor-benzene. 

Changes similar tq^the last are effected by hydrobromic and 
hydriodic acids, the chief products being brom-benzene and 
iodo-benzene respectively. • 

From the above it follows that, if we har^icea compound con- 
talning a nitro group, we can, b^ makm^ the dt»|fij?ompound, 
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traDsform it (1) into the corresponding h3droxyl derivative ; 
(2) into the corresponding chlorine, bromine, or iodine deriva- 
tive; or, (3) we can make ethers containing such groups as 
C2H5O, CHgO, etc. These reactions involving the use of the 
diazo compounds have been used very extensively in the inves- 
tigation of the substitution-products of the benzene series. 

Note for Student. — How can the relation of the groups in di- 
nitro-benzene be determined by using the diazo reactions? 

As regards the relation of diazo-benzene to benzene, it seems 
clear, from the reactions above considered, that in it the phenj'l 
group CeH^ is present, and that this is in combination with two 
nitrogen atoms. In the compounds, the two atoms of nitrogen 
form the connecting link between the phenyl group and the 
other constituent, as expressed in the formulas 

CeHfi-Nj-NOs, C6H5-N2-OK, CgHs-Ng-Br, etc. 

The decompositions all indicate the correctness of this view. 
The nitrogen atoms appear to be united as represented in the 

CeH^-N-NOa 

formula ||| . According to this view these salts 

are analogous to ammonium salts, and they may be regarded as 
derived from the latter by the substitution of a nitrogen atom 
for three hydrogen atoms. 

SuLPHONic Acids of Benzene, etc. 

The methods of preparation of the sulphonic acids, and the 
relations of these acids to the hydrocarbons, were discussed 
pretty fully, in connection with the paraffins. Three general 
methods for their preparation were given. These are : — 

1. Oxidation of the mercaptans ; thus, ethyl-sulphonic acid 
is formed by oxidation of ethyl-mercaptan : — 

C2H5 . SH + 3 = C2H5 . SO3H. 

2. Treatment of a halogen substitution-product with a s»vji- 
phite, — CsH^Br + JSTa^SOg = C2H5 . SOa^a + "^^^^. 
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3. Treatment of a hydrocarbon with sulphuric acid. This 
method is not applicable to the paraffins, but is the one used 
almost exclusively in the case of the benzene hydrocarbons. 
Benzene-sulphonic acid is formed thus : — 

CeHe + H2SO4 = CflHj.SOsH + H2O. 

Toluene-sulphonic acid is formed thus : — 

CeH^.CHs + H2SO4 = CeH4<5^« + H^O. 

The reasons for regarding the sulphonic acids as sulphuric 
acid in which hydroxy 1 is replaced by radicals, were given on 
p. 76 ; and the student is advised carefully to re-read what 
is there said. 

Benzene-sulphonic acid, C6H6S03[= ^^^jSOg]. — This 

acid is made by treating benzene with sulphuric acid. Simi- 
larly, and more easily, toluene-sulphonic addj CjHj.SOsH, is 
made from toluene. 

Experiment' 63. In a flask bring together about SO^c toluene and 
lOQcc concentrated sulphuric acid (ordinary). Heat on a water-bath 
and shake until most of the toluene is dissolved. Pour the contents 
of the flask into a large evaporating dish of at least 8^ to 10^ capacity, 
containing 4' to 6^ water. Heat gently, and add gradually, stirring 
meanwhile, finely-powdered chalk, until the solution has become neu- 
tral. Pass through a muslin filter attached to a wooden frame, and 
wash thoroughly with hot water. Afterwards refllter the filtrate 
through a paper filter. Evaporate to quite a small volume (say 600*^ 
to 700<^c)^ an^ filter from gypsum. In solution there is now the cal- 
cium salt of the sulphonic acid. Add just enough of a solution of 
sodium carbonate to precipitate exactly the calcium; filter off from 
the calcium carbonate, and evaporate to dryness, finally, on the water- 
bath. To prevent caking it is necessary to stir the thick, syrupy mass. 
When it is nearly dry, it is best to powder it, and complete the drying 
at 100° to 120° in an air-bath. The sodium salt can be used for a 
number of experiments. 
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Eixperiment 64. In a dry evaporating dish mix thoroughly 208 of 
sodiam toluene-sulphonate with 25s of phosphorus penta-chloride, by 
means of a dry pestle. The mass becomes semi-liquid and hot, and 
hydrochloric acid is given off, in consequence of the action of the 
moisture of the air on the chlorides of phosphorus. Hence, the experi- 
ment should be performed under a hood or out of doors. The reaction 
which takes place is represented by the equation, — 

C7H7.S020Na -1- PCls = C7H7.SO2CI -h POCU + NaCl. 

After the action is over, and the mass cooled down to the ordinary 
temperature, add about a litre of cold water. Everything will dissolve 
except the sulphon-chloride, C7H7 . SO,Cl, which will remain as a heavy 
oil at the bottom of the vessel. Four off the water, add about 500<^ of 
strong ammonia, and let stand. The chloride will thus be converted 
into the corresponding sulphon-amide, thus : — 

C,H^ . SOjCl + 2 NHs = C^H^ . SOjNH, + NH^Cl. 

After cooling, ^Iter off the sulphon-amide ; wash well with cold water, 
and crystallize from water. 

Note for Stxjdent. — Refer back to what was said regarding the 
add chlorides and acid amides, paying particular attention to the 
general methods of preparation and their decompositions. 

E<xpeiiment 65* Mix 20«^ potassium cyanide with an equal weight 
of dry potassium toluene-sulphonate, and distil from a small retort. 
The distillate is impure tolyl cyanide, CfH^ . CN : — 

^ > SO, + KCN = C,H, .CN + KjSOs. 

Put the tolyl cyanide in a flask of 300«c to 400cc capacity, and add a mix- 
ture of 60CC water and 150«5 ordinary concentrated sulphuric acid. Heat 
on a sand-bath until the toluic acid begins to appear in the form of fine, 
white needles in the neck of the flask. On cooling, the acid will crys- 
tallize out. Pour off the liquid, and wash with cold water. Now 
crystallize the acid once or twice from water. When pure, para- 
toluic acid melts at 177°. The reaction is represented by the fol- 
lowing equation: — 

C,Hy .CN + 2 H2O = CjH^ .COjjH + NH,. 
Benzene-sulphonic acid itself is a very easily soluble sub- 
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stance. It is a strong acid, and yields a series of salts and 
other derivatives. 

When fused with potassium hydroxide, benzene-sulphonic 
acid is converted into phenol (Exp. 66, p. 272) : — 

CeHg.SOsK + KOH = CeHfi.OH + K2SO3. 

By further treatment of benzene with fuming sulphuric acid 
a benzene-disulphonic acid is formed. This is capable of the 
same transformations as the mono-sulphonic acid. 

Note for Student. — By what reaction could benzene-disulphonic 
acid be transformed into the corresponding dicarbonic acid,CgH4(C02H)2? 
Suppose the product obtained were meta-phthalic acid, what conclusion 
could be drawn with reference to the relation of the two sulpho groups, 
SO3H, in the disulphonic acid ? 

Phenols, or Hydroxyl Derivatives of Benzene, etc. 

The hydrox^'l derivatives of the paraflSns are called alcoTiols. 
As will be remembered the}' are of three kinds, each of which 
is characterized ^y certain properties. These are : — 

1. Primary alcohols of which ordinary ethyl alcohol is the 
commonest example, and which, when oxidized, yield aldehydes 
and then acids containing the same number of carbon atoms. 

2. Secondary alcohols^ which by oxidation yield acetones and 
then acids containing a smaller number of carbon atoms. 

3. Tertiary alcohols^ which by oxidation yield neither alde- 
hydes nor acetones, but break down at once, yielding acids 
with a smaller number of carbon atoms. 

The primary alcohols were shown to correspond to the 

fn f^ . 

formula C -{ _ ; the secondary to C ■ ; and the tertiary to 

"^ I^HO I- HO 

J or, in other words, the primary alcohols contain the 

Xv 

HO 
group CHg.OH; the secondary', the group CH.OH; and the 

vertiary^ the group C.OH. 
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Now, the simplest hydroxyl derivative of the members ot 
the benzene series is phenol, CeHa.OH, or benzene in which one 
hydrogen is replaced by hydroxyl. Representing this com- 
pound in terms of the accepted benzene hypothesis, we have 

the formula 

OH 

I I 

HC\ /CH 

H 

According to this, phenol appears to be allied to the tertiary 
alcohols, as it contains the group C.OH, and not CH2OH nor 
CH.OH. We shall see that, in fact, phenol conducts itself 
towards oxidizing agents like the tertiary alcohols. 

All compounds which contain hydroxyl in the place of the 
benzene-hydrogen atoms of benzene and its homologues are 
called phenols. As in the case of alcohols, there are phenols 
containing one hydroxyl, or mon-acid phenols ; those containing 
two hydroxyls, or di-aeid phenols ; those containing three hy- 
droxyls, or tri-acid phenols^ etc. Some of these are familiar 
substances. 

MoN-ACiD Phenols. 

Phenol, carbolic acid, C6H60(= CgHsOH). — Phenol is 
found in nature in small quantities in the urine. It is formed 
by the distillation of wood, coal, and bones. Hence, it is a 
constituent of coal tar, and from this it is prepared. For this 
purpose the fisavy oil (see p. 233) is treated with an alkali 
which dissolves the phenol. From the solution it is precipitated 
by hydrochloric acid. It is purified by distillation. 

Phenol can also be made by converting nitro-benzene into 
aniline; then into diazo-benzene, and boiling this with watel 
(see Exp. 62 (6)) ; and by melting benzene-sulphonic acid 
with potaasium hydroxide. 
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Experiment OS. In a silver (or iron) crucible, or evaporating dish, 
melt 40K to 60« potassium hydroxide, after adding a few cubic centi- 
metres of water. Now add gradually 10k finely- powdered sodium 
toluene-sulphonate, obtained in Exp. 63, stirring constantly with a silver 
(or iron) spatula. Do not heat to a very high temperature. After the 
mass has been kept in a state of fusion for one-quarter to one-half an 
hour, let it cool. Dissolve in 200cc to 260<» water, and acidify with 
hydrochloric acid. Notice the odor of the gases given off. What gas 
do you detect? When the liquid has cooled down, extract with ether 
in a glass-stoppered cylinder. From the ether extract distil the ether 
on a water-bath. The residue is impure cresol'CP- 276). Phenol can 
be detected by the following reactions, for which a solution in water 
should be prepared : — 

(a) A few drops of ferric chloride solution gives a beautiful blue 
color. 

(6) Add one-fourth volume of ammonia, and then a few drops of 
a dilute solution of bleaching powder. A blue color is produced. 

(c) Bromine water gives a yellowish-white precipitate of tri-brom- 
phenoL 

The reaction which takes place in melting potassium hydrox- 
ide and potassium benzene-sulphonate together is represented 
by the equation, — 

CeHg.SOgK + KOH = CeH^.OH -f KgSOg. 

It effects the replacement of the sulpho group, SOsH, by 
hydroxyl. 

Phenol, when pure, crystallizes in beautiful colorless rhombic 
needles. The presence of a little water prevents it from solidi- 
fying. It has a peculiar, penetrating odor ; boils at 180° ; is 
difficultly soluble in water (1 part in 15 parts water at ordinary 
temperature) ; mixes with alcohol and ether in all proportion^-^'^^ 
and is poisonous. 

Phenol forms compounds with several metals. Among these 
may be mentioned the following : — 

Potassium phenolate^ CgHs .OK, made by dissolving potassium 
in phenol, and by treating phenol with caustic potash. 

Barium phenolaie, (C6H50)2Ba + 2 HgO, made by dissolving 
phenol in baryta water. 
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Lead oxide phenol^ CeHeO.PbO, made by dissolving lead 
oxide in phenol. 

It also forms ethers, of which the methyl and diphenyl 
ethers may serve as examples: — 

Methyl-phenyl ether, 07H8o(= ^^ > o) . — This sub- 

stance, also called anisol, is obtained from anisic acid (methoxy- 
benzoic acid) by boiling with baryta water. It is made also by 
treating potassium phenolate, CeH^OK, with methyl iodide : — 

CeH^OK + CH3I = ^^'>0 + EI. 

It is a liquid of a pleasant odor. 

Note for Student. — Compare this substance with ordinary ether. 
What method analogous to that above mentioned can be used in the 
preparation of ordhiary ether? 

Diphenyl ether, Ci2HioOf= ^•]^>oV — This bears to 

phenol the same relation that ordinary ether bears to alcohol. 
With acids, phenol, like the alcohols, yields ethereal salts in 
which the phenyl group, CeHg, takes the place of a metal. 
Among the compounds of this class which phenol forms with 
organic acids, the following may be mentioned : — 

Phenyl aoetate.^OgHgOaC-CHs.COa.CeHs).— This is formed 
by treating phenol with acetyl chloride. 

Note for Student. — What use is acetyl chloride put to as a re- 
agent in organic chemistry? Explain its use. What conclusion can 
be drawn from the fact that acetyl chloride acts upon phenol, replacing 
one hydrogen by acetyl, CgHgO? 

Substitution-products of phenol. Phenol is very susceptible 
to the action of various reagents, and a large number of substi- 
tiution-products have been made from it. 

Bromine acta upon it readily. If, tor exaTa^\^,\yto\xiYa& ^^^R2t 
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is added to a water solution of phenol, tri-brom-phenol is formed 
and precipitated. 

Dilute nitric acid acts upon phenol, yielding two mono-nitro- 
phenols, C,H, j ', one of which has been shown to belong to 
the ortho aeries, the other to the para aeries. 

Experiment 67. Add 30i phenol to a mixture of SO" wat«r and 
40" ordinary concentrated nitric acid (sp. gt. l.W). Stir, and, afutr a 
time, pour off the dilute acid from tlie oil. Wash with wat«r, and then 
put it Into a flask, with about a iltre of water, arranged as shown la 
Fig. 16. Flask .A holds nothing but water; while the oil, together with 




Fig. 16. 

water, are In B. From A a current of steam is passed into B, which 
is heated by means of a lamp. Yellow crystals pass over and appear 
in the receiver, while a non-volatile substance remains behind in flask 
B. The volatile substance la ortho-nltro-phenol ; the non-volatile is 
para-nitro.phenol. 

I (NO,tA 



Tri-nitro-phenol, picric acid, OsH3Na07f = GtHi < 



OH 



This is formed very easily by the action of strong nitric acid on 
phenol. 
£xperlment 68. Add 10> phenol sloiely to 10« concenccsted ntirle 
acid. Wbea the action is over, b&4 ^ft* lviia.\Qi^ lAWi-i i«44 voA bof 



w 
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for some minutes. Extract the picric acid by means of hot water, 
and purify by dissolving in potassium carbonatie, and evaporating to 
crystallization. 

Picric acid forms yelloVv crystals, has a very bitter taste, 
is poisonous, decomposes with explosion when heated rapidly. 
It dyes wool and silk yellow. 

Note for Student. — Is there any analogy between tri-nitro- 
phenol and tri-nitro-glycerin? What is the essential diflference be- 
tween them? 

One of the most interesting properties of tri-nitro-phenol is 
its power to form salts. It acts like a strong acid. It will 
thus be seen, that, while the substance CgH^ .OH has only very 
slight acid properties, the same substance, with three of its 
hydrogens replaced by nitro groups, C6H2(N02)3.0H, has 
strong acid properties. In the salts, which have the general 
formula CeH2(N02)3.0M, the metals replace the hydrogen of 
the hydroxyl. Among them may be mentioned the potassium 
salt which was obtained in Exp. 68 ; this explodes when heated 
and when struck. Ammonium picrate, C6H2(N02)3.0NH4, is 
used as a constituent of explosives. 



}C6H6S(=C6H5.SH).— This bears 



Phenyl xnercaptan. 

Phenyl hydrosulphide, 
the same relation to phenol that mercaptan bears to alcohol. 
It can be made by reducing benzene-sulphonic acid. This 
reduction is effected by first making the sulphon-chloride, 
CJH5.SO2CI, (Exp. 64), and then treating this with nascent 
hydrogen. 

Note for Student. — What is the effect of oxidizing the mercap- 
tans? 

It can be made, also, by treating phenol with phosphorus 
pentasulphide, the effect of this reagent being to te^^la^fc o^* 
gen by Bulphur, 
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m 

Note for Student. — What analogy is there between the action o1 
phosphorus pentachloride and of phosphorus pentasulphide on com- 
pounds containing oxygen? 

Phenyl mercaptan is a liquid, with a very disagreeable 
odor. With mercuric oxide it forms a crystallized com- 
pound, (C6H5S)2Hg. 

Gresols, CTHeOf = C6H4<q^j. — There are three cresols, 

CH 
or hydroxyl derivatfves of toluene, of the formula CgH^ < '. 

OH 

They are all found in coal tar, and the tars from pine and beech 
wood. When mixed together, it is diflScult to separate them. 
To obtain them in pure condition, it is therefore best to make 
them from the three toluidines, or from the three sulphonic acids 
of toluene. 

Note for Student. — Give the equations representing the reactions 
involved in passing from the three toluidines to the cresols, and from 
the three toluene-siilphonic acids to the cresols. 

The cresols resemble phenol very closel3^ 

Creosote is a mixture of chemical compounds contained in 
wood tar. It contains the cresols. Coal-tar creosote consists 
largely of phenol. 

• rCHs 

Th3nnol, -propyl-meta-oresol, CieHuOf = CgHs -^ OH(»») 

^ ^ C3H,CP)> 

This phenol is contained in oil of thyme, together with cymene. 

It forms large monoclinic crystals, which melt at 50°. It has a 

pleasant odor, like that of the oil of thyme. Treated with phos- 

1 Formulas of this kind serve very well to indicate the relations of the groups and 
atoms contained in benzene derivatives. This one, for example, indicates that the 
hydroxyl is in the meta position (jm) to methyl; while the propyl is in the para 
position to methyl (p). For di-substitution products, such formulas may alsc 

be used. Thus, the three toluidines may be represented by (^H4<;^^« 
CA<S^' . and C,H,<CH, , NH^»> 
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phorus pentoxide, it yields meta-cresol ; while, when treated 
with phosphorus pentasulphide, it yields cymene. These two 
reactions indicate that the groups contained in thymol bear to 
each other the relations indicated by the formula given above. 
It is one of the two theoretically possible hydroxyl derivatives 
of c^'mene. The other one, carvacrol^ has the hydroxyl in the 
ortho position relatively to methyl. It has been made from 
the corresponding cymene-sulphonic acid ; is found in nature 
in the ethereal oil of Onganum hirtum ; and can be made from 
carvol, or the oil of caraway. 

Di-ACiD Phenols. 

The three theoretically possible di-hydroxyl benzenes, 

OH 
C5H4<Q_, are all well known. 



JCeH60,(=CeH,<Qg^^J. 



Pyrocatechin, 

Ortho-di-hydroxy-benzene, 
This substance is a frequent product of the dry distillation of 
natural substances, — as of catechu, morintannic acid, etc., — 
and of the melting of resins with caustic potash. It can be 

made by melting ortho-iodo-phenol or ortho-phenol-sulphonie 
acid with caustic potash. It forms crystals, which melt at 
104°. It is easily soluble in water, alcohol, and ether. 

The dilute solution in water gives with ferric chloride a 
dark-green color, which becomes violet on the addition of a 
little sodium carbonate. 

Meta-di-hydroxy-benzene, > * 2^ e OH(m) /* 
Resorcin is formed by the melting of a number of resins with 
caustic potash, as of galbanum, sagapenum, asafoetida, etc. 
It is made, also, by melting meta-iodo-phenol or meta-benzene- 
disulphonic acid with caustic potash. 

It crystallizeB f^om water, usually in thick rhombic ^\:\&\fit&. 
MeltiDg'point, MO*. 
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With ferric chloride, the water solution gives a dark purple 
color. Heated for a few minutes with phthalic acid in a test' 
tube, a yellowish-red mass is formed. When this is added 
to dilute caustic soda, a wonderfully fluorescent solution is 
obtained. The explanation of this reaction will be given 
under the head of TrI-phenyl-methane, when the phthaleins 
will be described. 

Resorcin is used largely in the manufacture of certain dyes, 
and is therefore manufactured on the large scale. 

compound is formed by the action of nitric acid on resorcin, 
and on those resins which give resorcin when treated with 
caustic potash. It closely resembles picric acid. ^ Heated 
with bromine and acetic acid, it yields the substance known 
as brompicrin, which has the formula C(N02)Br8. 

Hydroquinone, Ir'TTo/'-r'TT^OH ^ 

Para-di-hydroxy-benzene, i ^*-^^<~ ^"^ ^ OHip))' 
H^'droquinone is formed by the dry distillation of quinic acid, 
by reduction of quinone (which see) , by the action of chromic 
acid on aniline, by melting para-iodo-phenol, etc. 

It is a cr^^stallized substance which melts at 169*^ ; easily 
soluble in alcohol, ether, and hot water. 

Oxidizing agents, such as ferric chloride, chlorine, etc., con- 
vert it into quinone. 



It would lead too far to discuss here the reactions whicL 
have been made use of for the purpose of determining to which 
series each of the three di-h^'droxy-benzenes belongs. The 
principle involved, however, is simple. Either these substances 
must be converted, directly or indirectly, into others, in regard 
to the relation of whose groups we have evidence ; or sub- 
Btancea, the relation of whose gtovip^ \a >53iQr«\SL^ Tfia&\» \ifc «i\!L- 
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verted into the di-hydroxy-benzenes. The reactions made use 
of for effecting the conversions are mainly those which have 
already been studied; viz., the foimation of amido compounds 
from nitro compounds by reduction; the formation of diazo com 
pounds from amido compounds ; the formation of (1) hydroxyl 
derivatives, (2) chlorine, bromine, or iodine derivatives, from 
the diazo compounds ; and the formation of hydroxyl deriva- 
tives from snlphonic acids. 



DiS^droxy-toluene. } ^'^^' (= °'^' i ((S) j' " ^^""^ 
are three dye-stuffs, known as archil, cudbear, and litmus, which 
are made from different lichens by exposing them in powdered 
condition in ammoniacal solution to the action of air. Thev 
are treated with decomposing urine, from which the ammonia 
is obtained. Archil contains a substance called orcein, which 
can be made from orcin by treating it with ammonia. Orcin 
is contained in several lichens. It is formed, also, by melting 
aloes with caustic potash, and by melting chlor-toluene-sulpho- 
nic acid with caustic potash. The last reaction shows that 
orcin is a di-hydroxy-toluene. 

Orcin crj'stallizes in large, colorless, monoclinic prisms. 
Turns red in the air. Ferric chloride turns the aqueous 
solution deep violet. 

Treated with ammonia in moist air, it is converted into 
orcein^ C7H7NO8, a substance which dissolves in alkalies, 
forming beautiful red solutions. 

Orcin is manufactured on the large scale, and then con- 
verted into orcein, which is used as a dye. 

Tri-acid Phenols. 
^^^yrc^allic scid ia formed by dry distiWation ol ^"aJXvi ^^\^.> *v5w 
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reaction being analogous to that by which benzene is produced 
by distillation of benzoic acid : — 

CeH^.COaH =CeHe + CO,; 

Benzoic acid. Benzene. 

^^A nn^' = CeH3(OH)3 + CO,. 

i, CO2H Pyrogallol. 

Gallic acid. 

It is formed also when one of the chlor-phenol-sulpbonic acids 
is melted with caustic potash : — 

(OH rOH 

C«H, ] CI + ^Xtx = C.H3 ^ OH + KCl + K^O,. 
(S0,K ^"^ (.OH 

Potaflsinm chlor-phenol- PyrogalloL 

snlphonate. 

It crystallizes in laminae or needles ; melts at 115° ; is easily 
soluble in water, ether, and alcohol. In alkaline solution it 
absorbs oxygen rapidly and becomes brown. On account of 
this power to absorb ox3'gen it is used in gas analysis. It is 
poisonous. 

With a solution containing a ferrous and a ferric salt it gives 
a blue color. 

Most of the phenols give color reactions with ferric chloride, 
and most of them change color in the air. These changes in 
color are undoubtedly due to the action of oxygen upon them. 
Towards oxidizing agents they are all unstable, most of them 
breaking down readily and yielding as the chief product of 
oxidation, carbon dioxide. In general, the lai'ger the number 
of hydroxyl groups containeci in a phenol the less stable it is. 
We shall see* that these same statements hold good for the 
hydroxy-acids of the benzene group, of which gallic acid and 
salicylic acid are examples. 

ALOOHOf^S OF THE BeNZENE SeRIES. 

The phenols are those hydroxyl derivatives of the benzene 

iijdrocarbons, which contain the hydroxyl in the place of one 

or more of the six benzene \iydTO^e\v&. ^\>X» V>&\» ^& ^<w:e are 
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two classes of halogen substitution-products of toluene, in one 
of which the substitution has taken place in the benzene 
residue, and in the other in the marsh-gas residue, as indicated 
in the two formulas, — 

CeH4Cl.CH8 and CeHg.CHgCl, 

80, also, there are two classes of hydroxyl derivatives: (1) the 
phenols, and (2) those in which the hydroxyl is in the marsh- 
gas residue. The simplest example of the second class corre- 
sponds to the formula, C6H5.CH2.OH. It is isomeric with the 
cresols, CgH^.OH.CHa, and has entirely different properties. 
While the cresols are the true homologues of phenol, the new 
substance is really methyl alcohol in which one of the hydrogens 
of the methyl has been replaced by phenyl, CeH«. It may 

, when its analogy to 
OH 



be represented by the formula, C 

CJ 
H 



ethyl alcohol, C 



CH3 



, is at once apparent. 

H 
OH 



Benzyl aloohol, C7H80(= CeHs.CHaOH).— Benzyl alcohol 
or phenj'^l carbinol is found in nature in the balsams of Peru 
and Tolu, and in storax. In these substances it is, for the 
most part, in combination with benzoic or cinnamic acid. It is 
made by treating the oil of bitter almonds, which is the corre- 
sponding aldehyde, with nascent hydrogen : — 

Oil of bitter almonds. Benzyl alcohol. 

It is also made by replacing the chlorine in benzyl chloride, 
CeHu.CHgCl, by hydroxyl, just as methyl alcohol is made from 
methyl chloride by a similar replacement. In the case of 
benzyl chloride this can be effected even by boiling for a long 
time with water : — 

CoH^.CH^Cl + HaO = CftHj.CHaOU -V ^^^- 
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282 vsniy^ 

, IS a liqoid with a pleasant odor. It boils at 
Benxyl alconoi is 

fi D«ST. — Kotlce the great difference between the boll- 
KOTB rou b ijcohol and phenyl-methyl alcohol. 

jng-po ^utg convert the alcohol, first, into the oil of 

^ inds or benzoic aldehyde, and finally into benzoic 

^^^^ 1^ relations between the three substances are like 

^ f««en snj primary alcohol and the corresponding alde- 

t'"^^ . y^ gs shown by the formulas, — 

CBfii QHgO, C7He02, 

^clft.CHsOH; orCeH^.CHO; orCeH^.COaH. 

mitI •1co*'<*'' Benzoic aldehyde. Benzoic acid. 

^jj^ acid converts benzyl alcohol into toluene : — 

^^ Oft .CH2OH + 2 HI = CeH, .CH3 -h H2O + 2 I. 

n^i^I alcohol conducts itself, in most respects, like the 

•fiitrv *Jcohols of the methyl alcohol series. A large number 

Ijj^derivatives have been made and studied. Among them 

Mkfrtd salts^ of which benzyl acetate^ CHg.CO.DCyHy, and 

w^^ nitrate, NO2.OC7H7, may serve as examples; ethers, of 

^j^ the methyl ether, CeHg.CHs.O.CHg, and the phenyl ether, 

CjL.CHs'OCeHg, are good examples ; and substitution-products, 

^irhicb chlor-benzyl alcohol, C6H4CI .CH2OH, and nitro-benzyl 

jffikol^ C6H4(N02).CH20H, are examples. 

Xhese substitution-products are not made by direct treatment 
^ fte alcohol with the substituting agents, but by starting with 
lie corresponding substituted toluene. Thus, chlor-benzyl 
Joohol is made from chlor-toluene, C6H4CI.CH8, bj' first con- 
ferting this into chlor-benzyl chloride, C6H4CI.CH2CI, and then 
leplacing the chlorine of the group CH2CI by hydroxyl. By 
oxidation the substituted benzyl alcohols yield the correspond- 
ing substituted benzoic acids : — 

CeH.Cl.CHoOH +02 = C6H4CI.CO2H + UjO. 

Clilor-benzoic acid. 
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Very few of the alcohols analogous to benzyl alcohol have 
been prepared. Plainl}-, the homologues may be of two kinds : 

1. Those which are phenjl derivatives of the alcohols of the 
meth}'! alcohol series. Of this class, phenyl-ethyl alcohol, 
CeHfi.CHa.CHgOH, the isomeric substance CgH^.CH. OH. CHg, 
and phenyl-propyl alcohol, C6H5.CH2.CH2.CH2OH, are ex- 
amples. Phenyl-propyl alcohol is of special interest on 
account of its connection with cinnamic acid (which see), 
which has come into prominence since it has been shown to be 
closely related to the interesting substances of the indigo group. 
It occurs in storax in the form of an ethereal salt, which will 
be spoken of more fully under the head of Cinnamic Acid. 

2. Those which are derivatives of xylene, mesitylene, etc., 
in the same sense as benzyl alcohol is a derivative of toluene. 
The following belong to this class : — 

Tolyl-carbinol .... CeH4<^^» , 
^ ^* CH2OH' 

and Cuminyl alcohol .... C6H4 < ^ ^ , 

CsH^Cp) 

which is made from cuminol, an aldehyde found in the oil of 
caraway. 

Aldehydes op the Benzene Series. 

The aldehydes of this group are closely related to the alco- 
hols just considered. The simplest one is the oil of bitter 
almonds, or benzoic aldehyde, CjHeO. 

on of bitter almonds. | ^^^ Oja.. OHO). -This sub- 

Benzoic aldehyde, ^ 
stance occurs in combination in amygdalin, which is found in 
bitter almonds, laurel leaves, cherry kernels, etc. Amygdalin 
belongs to the class of bodies known as glucosides, which break 
up into a glucose and other substances. Amygdalin itself ^ 
under tiie iMueDce of emulsin, which occwi^ m\k W. \ss. 'i^^ 



^•^ 
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plants, breaks up into benzoic aldehyde, hydrocyanic acid, and 
dextrpse : — 

C2oH2,NOu + 2 H2O = QHeO + CNH + 2 C^fluOe. 

Amygdalin. Benzoic aldehyde. Dextrose. 

Benzoic aldehyde can be made : 

1. By oxidizing benzyl alcohol : — 

CeHs.CHgOH + O = CeHs-CHO + H2O. 

2. By distilling a mixture of calcium benzoate and calcium 
formate : — 

CeHs.COiOMi 



H .iCOOM 



= CeHg.CHO + MgCOs. 



3. By treating benzoyl chloride, the chloride of benzoic acid, 
with nascent hydrogen : — 

CftHfi.COCl + H2 = CftHfi.CHO + HCl. 

4. By treating benzal chloride with water or mercuric oxide : — 

CftHfi.CHClg + H2O = CeH^.CHO + 2 HCl. 

Note for Student. — Refer to the general methods for the prepara- 
tion of aldehydes. Which of the above reactions are used for the 
preparation of aldehydes in general? Which of the reactions throw 
light upon the nature of aldehydes, and their relation to alcohols? 

Benzoic aldehyde is prepared either from bitter almonds, 
which yield about 1.5 to 2 per cent; or from benzal chloride, 
according to reaction 4, above given. The latter method is 
employed in the artificial preparation of indigo. 

Benzoic aldehyde is a liquid having a pleasant characteristic 
odor. It boils at 179°; is difficultly soluble in water; is not 
poisonous. 

It unites with oxygen to form benzoic acid ; with hydrogen 

to form benzyl alcohol ; with hydrogen sulphide, ammonia, 

ammonium sulphide, alcohols, acids, anhydrides, and ketones. 

In short, its powers of combiuaWoTi m>3si o\3asx ^ub^tances are 



MONOBASIC ACIDS, C„H2„_802. 286 

almost unlimited. Hence, a very large number of derivatives 
are known. 

Cuminic aldehyde, cuminol, CioHi20[= C6H4<^^J^ ]. 

This aldehyde occurs in oil of caraway, from which it is made. 
It is a liquid with the odor of the oil of caraway. Its reactions 
are like those of benzoic aldehyde. 

Acids of the Benzene Series. 

The simplest of these acids has been referred to repeatedly. 
It is benzoic acid, which bears to benzene the same relation 
that acetic acid bears to marsh gas. It is the carbox3^1 deriva- 
tive of benzene. The homologous acids are the carboxyl 
derivatives of the homologous hydrocarbons. We shall find 
mono-basic, di-basic, tri-basic, and even hexa-basic acids, 
though the number of acids actually known is small. 

Monobasic Acids, CnH2n_802. 

Benzoic acid, C7H602(= C6H5.CO2H). — Benzoic acid occurs 
in gum benzoin, in the balsams of Peru and Tolu, and in 
combination with amido-acetic acid or glycine in the urine of 
herbivorous animals. It can be made in many ways, the most 
important of which are given below : — 

1 . By oxidation of benz}^ alcohol or any alcohol which is a 
phenyl derivative of an alcohol of the methyl alcohol series. 
The common condition in all these alcohols is the presence of 
the difficultly oxidizable residue, CgHs, in combination with an 
easily oxidizable residue of an alcohol of the marsh-gas series : — 

m 

CeHs-CHgOH gives CeHs.COaH; 

CeHj .OH2 .CH2OH '' CflHs .CO2H ; 
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2. By oxidation of benzoic aldehyde, and the aldehydes of 
the other alcohols referred to in the preceding paragraph. 

3. By oxidation of all benzene hydrocarbons which contain 
but one residue of the marsh-gas series. Attention has already 
been called to this fact (see p. 248) . 

4. By treating cyan-benzene (phenyl cyanide, benzo-nitrile) 
with a caustic alkali (see Exp. 65, p. 269) : — 

CfiHaCN + KOH + HgO = CeH^.COgK + NHg. 

5. By treating benzene with carbonyl chloride in the presence 
of aluminium chloride : — 

CeHe + COCI2 = CeHfi.COCl + HCl ; 

CeHg.COCl + H2O = CeHg.COgH + HCl. 

A reaction similar to this is of extensive application in the 
preparation of some hydrocarbons. It will be spoken of more 
fully under the head of Tri-phenyl-methane. 

6. By treating benzene with carbon dioxide in the presence 
of aluminium chloride : — 

CqH^ -|- CO2 = C8H5.CO2H. 

This and the preceding methods are of special interest from the 
scientific point of view, for the reason that they cleaiiy show 
the relation between benzoic acid, on the one hand, and ben- 
zene and carbonic acid, on the other. 

Note for Student. — Which of the methods above given are of 

general application for the preparation of the acids of carbon? 

f 
Benzoic acid is prepared on the large scale : (1) from gum 

benzoin b}' sublimation ; (2) from the urine of horses and 

cows by treating the hippuric acid with hj'drochloric acid; 

(3) from toluene, best, b}^ converting it into benzyl chloride, 

and oxidizing this with dilute nitric acid. 

Experiment 69. If the material is obtainable, evaporate a quantity 
of the urine of horses or cows to about otifc-t^li or one-third Its vol- 
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time. Add hydrochloric add. On cooling, hippnric acid will be 
deposited. Recrystallize this several times from dilute nitric acid. 
Boil the hippnric acid for about a quarter of an hour with ordinary 
concentrated hydrochloric acid. By this means the hippuric acid is 
decomposed, yielding glycine (amido-acetic acid) and benzoic acid: — 

C^HjNO, + HjO = C,HA + CH, < JJ« 

Hippuric acid. Benzoic acid. > 

*^^ Glycine. 

Benzoic acid forms lustrous lamiuse or needles, which melt 
at 121^ 

Experiment 70. Determine the melting-point of the benzoic 
acid which you have made from hippuric acid. If It is not as 
stated above, recrystallize from water until the melting-point is not 
changed by further crystallization. Those specimens which are 
least pure can be purified by recrystaUizing them from dilute nitric 
acid. 

The acid is comparatively easily soluble in hot water, but 
. difiScultly soluble in cold water. It is volatile with water 
vapor. 

Experiment 71* Put some in a one-litre flask, with about 700<» 
to 800«« water. Connect with a condenser, and boil down to about 
200««. Neutralize the distillate with ammonia, and evaporate down 
to a small volume. Acidify, when benzoic acid will be thrown 
down. 

Its vapor acts upon the mucous membrane of the respira- 
tory passages, and causes coughing. 
It sublimes very easily. 

Experiment 72. Put some dry benzoic acid in a small, dry crys- 
tallizing dish, and put the dish in a sand-bath. Over the mouth of 
the dish put a paper cone made from filter-paper, arranged as shown 
in Fig. 16. Heat with a small flame. The benzoic acid will be depos- 
ited on the paper in beautiful lustrous needles. 

Or another fonn of apparatus, which is useful for subliming small 
quantities of substance, consists, essentially, of two watch-glasses 
which are of exactly the same size. The edges of the glasses are 
ground to secure a good joint when they at^ "btoxi^X. \jCi\y5JOaKt, ^xsk 
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using this apparatus, put tbe substance to be sublimed in one of the 
glasses ; stretch a round piece of fllter-paper over It, and then place 
the other giaas upon it. Clamp the glasses together by means of a 
thiu brass clamp. Now put the glasses on a sand-bath, and warm 




1 



gently, when tlie substance will slowly pass through the paper and 
appear in crystals In the upper watch-glass. It Is well to beep a small 
pad of moist fllter-paper on the upper glass during tbe operation. 

When heated with lime, benzoic acid breaks up into benzene 
and carbon dioxide (see Exp. 55) : — 

CjHgOa = C»Hb + COj. 

With sodium amalgam, it yields benzyl alcohol and other reduc- 
tion-products. With hydriodic acid, it yields toluene, and then 
hydrt^en addition-products of toluene, 
A great mtiny derivativeB ol bftmow wA4 m^ kaoim. 
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Nearly all its salts are soluble in water. 
The ethereal 'salts can be made by any of the general 
methods already described. 

Note for Student. — What are the general methods for the prepa- 
ration of ethereal salts? 

Experiment 73. Dissolve 40k benzoic acid in 150<» absolute alco- 
hol. Pass dry hydrochloric acid gas into the solution, keeping the 
latter cool by surrounding it with water. When the solution is 
saturated with hydrochloric acid, connect the flask with an inverted 
condenser, and warm gently on a water-bath for half an hour. Now 
add three or four volumes of water, when ethyl benzoate will separate 
as an oiL Wash with water and a little sodium carbonate ; and, finally, 
dry. 

Benzoyl chloride, CeHs.COCl, and bromide^, CeHg.COBr, 
are made from benzoic acid in the same way that acetyl chlo- 
ride is made from acetic acid. They are more stable than the 
corresponding compounds of the fatty acids, but in general 
undergo the same kinds of change. 

Benzoyl cyajiide, CeHs.CO.CN, is made by distilling mer- 
curic cyanide and benzoyl chloride : — 

2 CeHa.COCl -f Hg(CN)2 = 2 CeH^.COCN + HgClg. 

The cyanogen can be converted into carboxyl, and thus an 
acid of the formula CgHa.CO.COgH obtained. This is known 
as benzoyUformic acid. It is of interest, for the reason that 
one of its derivatives is also a derivative of indigo (see 
Isatine) • 

Substitution-Products of Benzoic Acid. 

Benzoic acid readily yields substitution-products when treated 
with the halogens, nitric acid, and sulphuric acid. The products 
obtained by direct substitution belong mostly to the meta series. 
Thus, when chlorine acts upon benzoic acid, the main product 
is metor^hhr-henzoic acid; nitric md gW^a TXi^aivX^ mela-mVc^- 
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benzoic add; and sulphuric acid gives mainly meta-sulpho-ben* 
zoic acid. 

Note for Student. — Compare this with the result of the direct 
action of the same reagents on toluene. What are the first products 
of the action of nitric and sulphuric acids on toluene? 

Substituted benzoic acids can be made, also, by oxidizing 
the corresponding substituted toluenes. Thus, chlor-toluene 
gives chlor-benzoic acid ; nitro-tolueue gives nitro-benzoic-acid, 

CftH4Cl.CH3 gives C^^CLCOaH; 
CeH4(N02)CH3 " C6H4(N02)C02H. 

The three nitro-benzoic acids and the corresponding amido- 
benzoic adds may serve as examples of the mono-substitution 
products. 

f CO H ^ 

Ortho-nitro-benzoio acid, OtHsNOJ = OeH* < ^q j. 

Ortho-nitro-benzoic acid is formed, together with a large quan- 
tity of the meta acid and some of the para acid, by treating 
benzoic acid with nitric acid, by oxidizing ortho-nitro-toluene 
with potassium permanganate, and by oxidizing ortho-nitro- 
cinnamic acid. It crystallizes in needles, melts at 147°, and 
has an intensely sweet taste. 

CO TT 
Meta-nitro-benzoic acid, CeH* < y^yJ . is the chief prod- 

JNLl2(»») 

uct of the action of nitric acid on benzoic acid.' It crystallizes 
in laminae, or plates, and melts at 140° to 141°. 

CO TT 

Para-nitro-benzoic acid, ^^<-siO( )' ^^ prepared best 

by oxidizing para-nitro- toluene. It crystallizes in laminse, 
melts at 238°, and is much less easily soluble in water than 
the orthp and meta acids. 
The determination of the seiiea \jo ^\i\0£i >Safc'efc '^Owt^^ ^avds 
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oelong is effected by tranBforming them into the amido-acids ; 
and these, through the diazo compounds, into the corresponding 

■* OH 

hydroxy-acids of the formula C^H^ < 

Note for Student. — Give the equations representing the action 
involved In passing from tolaene to ortho-hydroxy-benzoic acid (sali- 
cylic acid) by the method above referred to. 

In a similar way, lines of connection can be established 
between the three hydroxy-acids and the chlor-, brom-, and 
iodo-benzoic acids. 

Note for Student. — What are the reactions? 

The three hydroxy-acids, on the other hand, have been made 
by methods which connect them directly with the three dibasic 

CO H 
acids of benzene, CgH^ < qq^^, which, in turn, have been made 

from the three xylenes. 

Ortho-amido-benzoio acid, ) ^ „ xrrk (-r^-xs ^ CO2H ^ 
AnthranUic acid, /^'^^^^^" ^*^^NH.(o)J- 

This acid is made by reducing ortho-nitro-benzoic acid with 
tin and hydrochloric acid, and by boiling indigo with caustic 
potash. It has already been stated that indigo yields aniline. 
Now, as ortho-amido-benzoic acid is also obtained, and this 
breaks up easily into aniline and carbon dioxide, 

it seems probable that the aniline is a secondary product. 

Isatine, 08H5NO2f= C6H4<^^>O.Oh). — Isatine is ob- 
tained by the oxidation of indigo, and from ortho-amido- 
benzoic acid as follows : — 

The amido-acid is converted into the chloride .» XJae. ^:3c\wiSv& 
into the cjanide, and this into the coxiea^on'^AXi^ ^'a:^*Q«s:^ 
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derivative, which is the ortho-amido derivative of benzoyl- 
fonnic acid. The ortho-amido-benzoyl-formic acid thus ob- 
tained loses water, and is converted into isatine. The changes 
are represented by these equations : — 

Ortho-amido-benzoic acid. Ortho-amido-benzoyl 

(dUoride. 

Ortho-«nido-benzoyl 
cyanide. 

Ortho-amldo-benzoyl- 
formic acid. 

(4) C.H,<^^-^^^H = C.H,<^^ > C .OH + HiO. 

iMtine. 

The formula given for isatine represents it as an anhy- 
dride of ortho-amido-benzoyl-formic acid, the water which is 
given off being supposed to be formed by a union of the 
two hydrogens of the amido group and an oxygen of car- 
bonyl. The formation of anhydrides of aromatic acids is 
a characteristic of ortho compounds. Neither the meta nor 
para compounds give up water. We shall find that this fact is 

illustrated in the case of the dibasic acids, the only one which 

COOH 
yields an anhydride being ortho-phthalic acid, CqH^<^^^^. , 

QQ OUUrl(o) 

which gives phthalic anhydride, C^IL^< >0. This ready 

formation of anhydrides from ortho compounds, taken together 
with the fact that the meta and para compounds do not yield 
anhydrides, has been regarded as an argument in favor of the 
view that in the ortho compounds the two substituting groups 
are actually nearer together than in the meta and para com- 
pounds. 
The leJation of isatine to indigo will be discussed briefly 
under the head of Indigo. 
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Meta- and Para-ajnido-benzoic acids are made from the 
corresponding nitro acids by reduction. 

Hippuric acid, benzoyl-amido-acetic acid, 

C9H9N03(= C6H5.CONH.CH2CO2H). 

Hippuric acid, as has already been seen (Exp. 69) , occurs in 
the urine of herbivorous animals, as the cow, horse, camel, and 
sheep. Some hippuric acid is found in human urine under 
ordinary circumstances. If benzoic acid is taken with the 
food, it appears as hippuric acid in the urine, while derivatives 
of benzoic acid appear as derivatives of hippuric acid. 

Hippuric acid can be made synthetically from benzoic acid 
and acetic acid : 

1. By heating glycine with benzoic acid to 160® : — 



CeH,.COJOH! + '-§q2>CH, = CH, < ^^^^^-^-^ + Hfi. 

Hippuric acid. 

2. By heating benzamide with chlor-acetic acid : — 
C^^.CO.NHH + jj()^^>CH2 = ^«^«-^^^^>CH2 + HCl. 

Hippuric acid. 

3. By heating glycine with benzoyl chloride : — 
CH,<^™ + Cl.OC.CeH5 = CH,<^^^^-^'^« + HCl. 

Hippuric acid cr3^stallizes from water in long, rhombic prisms. 

It is decomposed into benzoic acid and glycine by boiling 
with alkalies, and more readily by boiling with strong acids 
(Exp. 69) : — 

CH,<^^^^^«^ 4- H2O = CH2<^^^ + CeH,.C02H. 

Note for Student. — What relation does hippuric acid bear to 
benzamide? What is the effect of boiling acid amides with alkalies? 
Write the equation for the decomposition of benzamide, wwi covci^^x'^ 
it with that for the decomposition of hippuiVc acYOi. 
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Toluio acids, C8H8O2. — There are four acids of this formula 
known ; viz. ; the three carboxyl derivatives of toluene in which 

the carboxyl takes the place of benzene hydrogen atoms, 

CH 
C5H4 < ^^' , and an acid obtained from toluene by replacing a 
CO2H 

hydrogen of the methyl by carboxyl, thus, CeH5.CH2.CO2H. 

CH 

OrthO', metor, and para-toluic addsj C-H^ <_,_*_, are made 

CO2H 

by oxidizing the corresponding xylenes with nitric acid : — 
CeH,<^^« + 30 = CeH4<^^^ + HA 

They, as well as their derivatives, of which many are known, 
have been studied carefullj-. The substituted toluic acids can 
be made either by treating the acids with strong reagents or 
by oxidizing substituted xylenes : — 

CeHaCNO,) < ^h + ^ ^ = C,H,(NO,) < ^^ + RjO. 

^trO'Zylene. Nitro*toliiic acid. 

^TolulQ acid, lc8H8O2(=CeH5.0H2.0O2H).— Just 

Phenyl-aoetio acid, > 
as benzoic acid may be regarded as phenyl-formic acid, so 
a-toluic acid may be regarded as phenyl-acetic acid. It is 
obtained from mandelic acid, which is formed when amygdalin 
is treated with hydrochloric acid. It is prepared from toluene 
by converting this into benzyl chloride, from which the cyanide 
is made by boiling with potassium cyanide. The cyanide is 
then treated with an alkali, and yields the acid : — 

CeHg .CHg + CI2 = CeHg .CHgCl + HCl ; 

Boiling toluene. Benzyl chloride. 

C^.CRjCl +KCN = CeHs.CHjCN + KQ; 

Benzyl cyanide. 

CeHa.CHsCN + 2 HgO = CeH^ . CH2 . CO2H + NHg. 

a-Toluic acid. 

The acid crystallizes in th\ii\am\w» \ wi^ \si^\& ^\»'\^.^'* . 
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Note for Student. — What would you expect a-toluic acid to yield 
when oxidized? (See p. 248.) What would you expect it to yield 
when distilled with lime? What would you expect the three toluic 

acids,CgH4< "^^8 ^ to yield by oxidation, and when distilled with lime? 
CO2H 

(See p. 245.) 

Oxindol, 08HTNOr= OeH* < ^"^ ^ °^)" ~ ^^^^^^ ^ ^'^' 

tained by reduction of isatine (see p. 289) ; and also from 
ortho-amido-a-toluic acid by loss of water, in the same way 
that isatine is formed from ortho-amido-benzoyl-formic acid. 
When a-toluic acid is treated with nitric acid, the para- and 
ortho-nitro acids are formed. The latter is reduced by 
means of tin and hydrochloric acid, when oxindol is at once 
obtained : — 

C,H, < ^ '^^ = C^, < ^ > CO + H,0. 

Ortho-amido-a-toliilc add. Oxindol. 

Mesitylenio acid, 09Hio02(^= OeHsj^^'Y— This acid 

has already been referred to as the first product of oxidation 
of mesitylene. It is the only monobasic acid which has been 
obtained from mesitylene; and, according to the accepted 
hypothesis j it is the only one possible. By distillation with 
lime, it yields meta-xylene. 

Note for Student. — Of what special significance is the formation 
of metarxylene from mesitylenic acid? 

SydrO'-oinnCUIlio CtOldy ") r^ rr r\ t /^ tt /^tt r^TT r^r\ m 

Phenyl-propionic acid, / 
Hydro-cinnamic or phenyl-propionic acid is obtained by treat 
ing cinnamic acid with nascent hydrogen : — 

CeH.5 • CH • CHL • CO2H -f- H2 = CgHg . CH2 . Cri2 . COaBL* 

Cinnamic acid, Hydro-cinDamic acid, 

Fhenyl-acrylic acid. Phen^V-VtQV^Ck^^ «fM.. 
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It is also made by starting with ethyl-benzene, C6H5.C2H8, and 
using the same reactions that are necessary to transform toluene 
into a-toluic acid (see p. 294). It is a product of the decay 
of several animal substances, such as albumin, fibrin, brain, etc. 
It crystallizes from water, in long needles, which melt at 47°. 
It yields benzoic acid when oxidized. 

Ortho-amido-hydro- 1 ^ C^ .OH, .CO,H ^^^. .^ 

cizmamic acid, / y^^NHaCo) 

is prepared from hydro-cinnamic acid in the same way that 

ortho-amido-a-toluic acid is made from a-toluie acid. It is 

not obtained in the free state ; but, like the ortho-amido 

derivatives of benzoyl-fonnic and of a-toluic acids, it loses 

water, and forms the anhydride, 

Hydro-carbostyril, OeH* < ^^ > CO. — Hydro-carbo- 

styril is made by treating ortho-nitro-hydro-cinnamic acid with tin 
and hydrochloric acid. It is a solid which crj'stallizes in prisms, 
molting at 160°. It is interesting chiefly for the reason that it 
is closely related to the important compound quiyioline (which 
see). When treated with phosphorus pentachloride, hydro- 
carbostyril is converted into di-chlor-quinoline. The signifi- 
cance of this reaction will appear lateir. 

Dibasic Acids, CnH2n_io04. 

The simplest acids of this group are' the three phthalic acids, 
which are the di-carboxyl derivatives of benzene, belonging to 
tiie ortho, meta, and para series. 

acid was the first of the three acids of this composition dis- 
covered; and, as it was obtained from naphthalene, it was 
named phthalic acid. In addition to its formation from 
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naphthalene may be mentioned that from alizarin and pur- 

CH 

purin; and from ortho-toluic acid, ^^^^^qq^^^o^ ^J oxida- 
tion with potassium permanganate. 

Experiment 74. Mix 40s naphthalene and 808 potassium chlorate, 
and add this mixture gradually to 4008 ordinary concentrated hydro- 
chloric acid. Naphthalene tetra-chloride, CioHg.Cl^, is formed in this 
reaction. Wash with water. Gradually add 400* ordinary concen- 
trated nitric acid (sp. gr. 1.45), and boil in a large retort with upright 
neck. When all is dissolved, evaporate the nitric acid; and, finally, 
distil the residue. Phthalic anhydride passes over. Recrystallize from 
water. This will be used for other experiments. 

Phthalic acid forms rhombic crystals, which melt at 213** or 
lower, according to circumstances, as, when heated, it breaks 
up gradually, even below the melting-point, into water and the 
anhydride which melts at 128°. Distilled with lime, it yields 
benzene ; though, by selecting the right proportions, benzoic 
acid can be obtained : -^ 

(1) C6H4<gg^2{{ = C^ + 2 CO,; 

(2) C6H4 < QQ Tj = ^ef^5 • CO2H 4" CO2. 

Phthalic acid is decomposed by chromic acid, yielding only 
carbon dioxide and water. Hence, ortho-xylene, when treated 
with chromic acid, does not yield phthalic acid. By boiling 
ortho-xylene with nitric acid, however, it yields ortho-toluic 

CH 

acid, ^€^i<QQ^^(op ^^^ ^^^^ c^^ ^^ oxidized to phthalic 
acid by treatment with potassium permanganate. 

CO 

Phthalio anhydride, Cq'EU < q^^>^Q^ formed by heat- 

mg phthalic acid. It forms longf^e^dteg;:WhJo|i iselt at 128°. 
Treated with phenols, it forms/ttje cop.]^uiid^Vxi<Qi^iS>a%^ 
iefns (which aee) . Ii .1 , ' * - ^^^^^ 
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Isophthalio acid, I ^ tt ^ CO2H . - •, , 
Meta-phthaUo acid. I ^"^ < CO.H(«). '' '^'"^'^ ^^ o^' 
dizing either meta-xylene or meta-toluic acid with chromic 
acid ; by distilliog meta-benzene-disulphonic acid with potas- 
sium cyanide, and boiling the resulting dicyanide with an 
alkali. 

Note for Student. — Write the equations representing the action 
involved in passing from meta-benzeDe-disulphonic .acid to isophthalic 
acid. Into which dihydroxy-bcDzene is this same disulphonic acid 
converted by melting it with caustic potash? 

The acid is formed, further, by treating meta-sulpho-benzoic 
acid with sodium formate : — 

C6H,< J^^'f + H.CO,Na = C<,H4<^^f . . + HNaSO^. 

SOsKlw) C02K(w) 

Potassium sulpho- Potassium iso- 

benzoate. phthalate. 

This reaction is of importance, for the reason that the same 
sulpho-benzoic acid, which is thus converted into isophthalic 
acid, can also be converted into one of the three hydroxy- 
benzoic acids ; and thus connection is established between 
the latter and isophthalic acid and meta-xylene. 

Isophthalic acid crystallizes in fine needles from water. It 
melts above 300°, and is not converted into an anhydride. 



Terephthalic acid, ) ^ „ ^COzH n. u^-i. r -^ 

is formed by oxidation of the oil of turpentine,^ cymene, para- 
xylene, and para-toliiic acid ; by heating a mixture of potassium 
para-sulpho-benzoate and sodium formate : — 

Potassium para- Potassium tere- 

eulpho-henzoate, plitlialate. 

' Tile prefix tere \b derived trom \3[ie IjaXlixi tereblta\v\uuA^VQx\«Q&au^ 
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Para-sulpho-benzoic acid is converted into one of the three 
hydroxy-benzoic acids by caustic potash. In the para as wel? 
as the meta series, the lines of connection indicated below have 
been established : — 



*'*^caH*~**^so.H 



«''<cS 



CeH4< 

A 



i 



CO2H 
CO,H 



<r 



^^*<coi 



Terephthalic acid is a solid which is practically insoluble in 
water. It sublimes without melting and, like isophthalic acid, 
yields no anhydride. 

Hexabasio Acid. 

Mellitic aoid, 0i2H6Oi2[= 06(0O2H)6]. — This acid occurs 
in nature in the form of the aluminium salt, as the mineral 
honey-stone or mellite. The mineral is rare, and is found in 
beds of lignite. Mellitic acid has been made by direct oxida- 
tion of carbon with potassium permanganate, and by oxidation 
of hexa-methyl-benzene, C6(CH3)6. By ignition with soda-lime 
it is converted into benzene and carbon dioxide : — 

C6(C02H)e = CeHe + 6 CO^. 

Phenol-acids, or Hydroxy- acids of the Benzene Series. 

It will be remembered that the alcohol acids or hydroxy- 
acids of the paraffin series form an important class, including 
such compounds as glycolic, lactic, malic, tartaric, and citric 
acids. The peculiarity of these compounds is their double 
character. They are at the same time alcohols and acids ^ 
though the acid properties are more pioxmiie\i\» \3ft».\i \iw^ ^^s> 
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holic. The hydroxy-acids of the benzene series bear the same 
relations to the benzene hydrocarbons that the hydroxy-acida 
already studied bear to the paralffins. The simplest are those 
which contain one hydroxyl and one carboxyl in benzene, 

having the formula CgH^ < . 

MONO-HYDROXY-BENZOIC AOIDS, CjEfgOs. 

Salicylic acid, )^„ ^OH. ^ i- i- 

Ortho-hydroxy-benzoic acid, ^ 002H(o)* 

acid is found in the form of an ethereal salt of methyl, in the 
oil of wintergreen, prepared from the blossoms of Gaultheria 
procumhens. It is formed in a number of waj'S, among which 
the following should be specially mentioned : — 

1. By converting ortho-amido-benzoic acid into the diazo 
compound, and boiling with water. 

Note for Student. — Give the equations representing the re- 
actions. 

2. By melting ortho-sulpho-benzoic acid with caustic potash. 
Note for Student. — Write the equation. 

3. By passing carbon dioxide over sodium phenolate heated 
to 180° : — 

2 CeH^ .ONa + CO^ = C6H4 < ^^\^ + CeH^OH. 

C02Na 

4. By heating phenol with tetra-chlor-methane and alcoholic 
potash : — 

C6H5.OH+ CCI4 + 6K0H = C6H4<^^_ + 4KC1 + 4H20. 

V-/O2IX 

5. By saponifying the methyl salicylate found in oil of 
vintergreen : — 
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Experiment 75. Boll 30™ to 40" oil ol wintergreen with inoder 
atel; Btroag caastlc potash la a flask couaec(«d with an Inverted con- 
denser. Wben it is dissolved, acidify with hydrochloric acid. Filter 
off the salicylic acid which separates, and recrjatalllze from water. 

Experiment 76. Dissolve 60* sodium hydroxide and 40> phenol la 

130™ water in a litre flask, arranged as in Fig. 17. If the mixture Is 
cool, beat to 50-S0°, and remove the Qame. Slowly add 60i chloroform, 
shaking the mixtare for several minutes after each addition. The mix- 
ture gradually becomes dark colored. An hour or more ma; be required 




to complete the addition of all the chloroform. When the action Is 
over, boll for an hour, and then distil off the excess of chloroform on 
the water-bath. Acidify with dilute hydrochloric acid, when a thick 
reddish hrown oil comes down. Distil In steam as In Exp. 67, until the 
distillate no longer appears In milk; drops. A Ugbt-colored oil con- 
sisting of Baltcyllc aldehyde and phenol settles in the receiver. Decant 
the supernatant water. Extract with ether, and concentrate the extract 
by evaporation in a water-bath. To the concentrated extract add a satu- 
rated solution of mono-sodium sulphite (.iieatij i>t«^xe&.'c(^ «\%w^HN».'fe 
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40« sodium sulphite In 76«« hot water, cooling the solution, and satu- 
rating with sulphur dioxide). Shake the mixture 8 or 10 times, 2 or 
3 minutes at a time, for half an hour ; then allow it to stand for sev- 
eral hours. The aldehyde unites with the sulphite, forming small, 
glistening, white crystals, while the phenol remains in solution in the 
ether. Filter with the aid of a pump, and wash the crystals with alcohol. 
Then treat the Crystals on th<j water-bath with hydrochloric acid, when 
salicylic aldehyde is thrown down. Extract completely with ether, sepa- 
rate the two solutions, and evaporate the ether. 

In an iron or silver dish, melt 268 caustic potash ; remove the lamp ; 
and add the salicylic aldehyde drop by drop, stirring constantly. The 
potassium salt of salicylic acid is thus formed. After the mass is 
cooled, dissolve in water, and precipitate the salicylic acid with dilute 
hydrochloric acid. Filter, wash with cold water, and purify by recrys- 
tallizing from water. 

The action of chloroform on phenol in the presence of caustic 
soda is analogous to that of tetra-chlor-metbane. It will be 
understood with the aid of the following equations : — 

(1) CeH,.OH + CHCl8 = CeH4<^^^, -fHCl; 

^^> ""^^ < CHCl. + ' ^^^« = ^'^^ < CH(OH), + ' ^^^^ ' 

This reaction is of general application to phenols, and affords 
a very convenient method for the preparation of the phenol- 
acids. 

Salicylic acid crystallizes from hot water in fine needles. It 
melts at 155° to 156°. 

When heated, it breaks up into phenol and carbon dioxide: — 

Witb ferric chloride, its aqueous solution gives a characteristic 
dark vioJet-blue color. Free aaWcyW^ s^.eV'^ \^ ^\iJa^^^\KR,^ ^tevent 
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ing decay and fermentation. It is therefore used for preserving 
organic substances. 

OH. 

Salicylic acid forms salts of the general formula CgH^ < pq j^ 5 

and, with the alkalies, compounds, in which both the phenol hy- 
drogen and the acid hydrogen are replaced by metals, as 

OK 

CeH^<);f^ . Salts of the latter order, which contain the 

metals of the alkaline eai-ths, are decomposed by carbon 
dioxide. Salicylic acid forms ethereal salts of the general 

formula Cfi^<^^ _, of which methyl salicylate, C^U^<f^^ p„ , 

is the best-known example. It forms, also, ether-acids of the 

OR 

general formula CgH^ < Xi-, tt 5 a^^> finally, compounds of the 

OR 

general formula CgH^ < • 

CU2R 

A very large number of substitution-products and other 
derivatives of salicylic acid have been studied ; but they need 
not be considered here. 

That salicylic acid belongs to the ortho series, follows from 
the following facts : — 

Ortho-toluene-sulphonic acid has been converted into ortho- 
sulpho-benzoic acid, and this into salicylic acid. Further, the 
same toluene-sulphonic acid has been converted into ortho-toluio 
acid, which, by oxidation, yields phthalic acid. 

Ortho-tolueDe-sulphonic Ortho-sulpho-benzoic 

acid. acid. 

Potassium salicylate. 
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(4) C.H.<^H3 +2H/) = C.H,<CH^^^j+NH.; 

Ortho«toluic acid. 
Fbtbalio add. 

Oxybenzoic acid, ) O H. < ^^ . — This 

Meta-hydroxy-benzoic acid, f * C02H(m)* 

acid is made from meta-amido-benzoic and meta-sulpho-benzoic 
acid by the usual reactions. 

It crystallizes from water in needles united to form wart-like 
looking masses. It gives no color with ferric chloride. Its 
connection with meta-phthalic (isophthalic) acid and meta-xylene 
is effected by means of the transformations tabulated on p. 299 ; 
that is to say, the same sulpho-benzoic acid which, by melting 
with caustic potash, yields oxybenzoic acid, by melting with 
sodium formate, yields isophthalic acid. Therefore oxybenzoic 
acid is a meta compound. 

Para-oxybenzoic acid, | ^ ^ OH _ p^^.^. 

Para-hydroxy-benzoio acid, f 0O2H(p)* 

oxybenzoic acid is formed from the corresponding amide and 
sulpho-benzoic acids; by treating various resins with caustic 
potash ; from anisic acid (which see) , by heating with hydriodic 
acid ; by heating potassium phenolate in a current of carbon 
dioxide. 

Note for Student — Notice the fact that, while sodium phenolate, 
when heated in a current of carbon dioxide, yields salicylic acid, 
potassium phenolate, under the same circumstances, yields para-oxy- 
benzoic acid. 

Its aldehyde is formed, together with salicylic aldehyde, by 
treating phenol with chloroform and caustic soda (see Exp. 76). 
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The reasons for regarding para-oxybenzoic acid as a mem- 
ber of the para series are similar to those which show that 
oxybenzoic acid is a meta compound. The same sulpho-benzoic 
acid which yields para-oxybenzoic acid, also yields terephthalic 
acid. 

Anisic acid. |03.<^S^ .-Anisic 

Para-methoxy-benzoic^ acid, ^ COaHcp) 

OCH 

acid is formed by the oxidation of anethol, CgH^ < ri t, '> a 

C3H5 

phenol ether contained in anise oil. It is made by heating 
para-oxybenzoic acid with caustic potash and methyl iodide. 
As the formula indicates, it is the methyl ether of para-oxy- 
benzoic acid. 

Dl-HYDROXT-BENZOIO AciDS, C7H6O4. 

Protooateohuic aoid, CleHsjLQ^, is a frequent product 

of the fusion of organic substances with caustic potash. Thus, 
the following substances, among others, yield it : oil of cloves, 
piperic acid, catechin, gum benzoin, asafoetida, vanillin, etc. 
It is made from sulpho-oxy benzoic acid, and from sulpho-para- 
oxybenzoic acids by fusing with caustic potash. 

Note for Student. — What analogy is there between the fact that 
protocatechuic acid is formed from sulpho-oxybenzoic acid and from 
salpho-para-oxybenzoic acid, and the fact that pseudocumene is formed 
from brom-meta-xylene and from brom-para-xylene? What conclusion 
may be drawn regarding the relations of the two hydroxyl groups, and 
the carboxyl in protocatechuic acid? 

By distillation with lime, protocatechuic acid breaks up into 
pyrocatechin and carbon dioxide : — 

rOH 
CeHs^OH = C6H4 } XJI + CO2. 

V. V^V^2" Pyrocatechin. 

> Methoxy is derived from methoxyl, the name given to the ether group, OCH5. In 
a similar way 00|Hs is called ethoxyl ; OCoBc phenoxyl, etc. 
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fOOHs 

VaniUio acid, OeHg -^ OH , is formed by oxidation o« 

IOO2H 

vanillin, which is the corresponding aldehyde. It is the mono- 
methyl ether of protocatechnic acid. 

VaniUin, OsHsOsf = OeHs j OH \ occurs in nature, as a 

^ (. OHO ^ 

crystalline coating, on the fruit of the vanilla. It is made 

artificially by treating the ether, CgH^ <*, with chloroform 

and caustic soda. 

Tri-htdroxt-benzoio Acids, CyHeO^. 

Gallic acid, OiHeOsf = C6H2{qq-ct)- — Gallic acid occurs 

in sumach, in Chinese tea, and in many other plants. It is 
formed by boiling tannin or tannic acid with sulphuric acid ; by 
melting brom-protocatechuic acid with caustic potash : — 

rBr 
CeHJ (OH)^ + KOH = C^J 5SS' + ^Br- 
ICO2H ^^^^ 

Brom-protocatechuic Gallic acid, 

acid. 

It is best prepared from gall nuts by fermentation of the 
tannin contained in them. 

Gallic acid is easily soluble in water. Its solution gives, 
with a little ferric chloride, a blue-black precipitate, which 
dissolves in excess of ferric chloride, forming a dark green 
solution. It readily reduces metallic salts in solution. When 
heated, it yields pyrogallol (pyrogallic acid) and carbon di- 

CeH, I ^^» = CeH,(0H)3 + CO^ 

Tannic acid, tannin, O14H10O9. — This substance occurs 

in gall nuts, from which it is extracted in large quantities. It 

13 an amorphous powder. It iamMkedly astringent in its action 
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on the mucous membranes. It is soluble in water, the solution 
giving, with feme chloride, a dark blue-black color. Tanoin is 
used extensively in medicine, in dyeing, and in the manufacture 
of ink. Its relation to gallic acid is indicated by the following 

2 CjHgOs = Ci4Hio09 + H20. 

Gallic acid. Tannin. 

Ketones and allied Derivatives op the Benzene Series. 

The ketones of the benzene series are strictly analogous to 
those of the paraffin series, and they are made in the same way. 
Acetone is made by distilling calcium acetate : — 



r 



CHg.COjO p, 

CH/COO * 



^8l 



^JJ»>C0 + CaC08. 

CJI3 



Acetone. 

So, also, benzophenone or diphenyl-ketone is made by distill- 
ing calcium benzoate : — 



CeH,! COO 



S^'-^Sl? > ^'a' = S^' > CO + CaCO,. 



OgHs 

Benzophenone. 

Further, by distilling mixtures of the salts of two fatty acids, 
mixed ketones are obtained : — 

CHs.COrOMi = CH3 ^ (30 ^ j^^Q 
C2H,.iC00Ml C2H, 

°L J Ethyl-methyl 

ketone. 

And, similarly, mixed ketones containing one residue of a 
benzene hj'drocarbon and' one of a paraffin ; or, two different 
residues of benzene hydrocarbons can be obtained thus : — 

^^^ CH, .COOM - CH. > ^^ + ^'^' • 

Phenyl-methyl ketone, 
Acetophenone. 

Cft.COOM p„ 
^^^ n.H ^ CH3 = p V > CO + M,CQ,. 

Phenyl-tolyl-ketone. 

The individual ketones need not be cou&V&^iodu 
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QUTNONES. 

The quinones are peculiar bodies which in some ways are 
allied to the ketones. The simplest example of the class, and 
the one best known, is called quinone. Its formula is C6H4O2, 
and it therefore appears to be benzene in which two hydrogen 
atoms are replaced by two oxygen atoms. All quinones bear 
this relation to the hydrocarbons, of which they may be regarded 
as derivatives. 

Quinone, OeH^Oz, is formed by the oxidation of quinic acid, 
hydroquinone, para-diamido-benzene, and some other benzene 
derivatives in which two substituting groups occupy the para 
position relatively to each other. 

It forms long, yellow prisms ; sublimes in golden-yellow 
needles. 

Hydriodic acid reduces quinone to hydroquinone : — 

CfiHA + 2 HI = C6H,(OH)2 + 2 1. 

The easy transformation of hydroquinone into quinone, and 
the opposite transformation of quinone into hydroquinone, as 
well as the formation of quinone from other para compounds, 
force us to the conclusion that the oxygen atoms in quinone 
are in the para position relatively to each other. Quinone 
appears, therefore, as a substance containing two carbonyl 
groups which are united by means of hydrocarbon residues, 
as indicated in the formula, — 

O 

pr\ HC CH 

C*H2<^^>C2H, or I I 

CO HC. -CH 

o 

A substance of this kind mav be called a di-ketone, and may , 
be regarded as derived irom a. ^Afe«^\a «.Qi\^ ycl^^ ^<«2s&&^^^ ^t m^ 
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a simple ketone is derived from a monobasic acid. Thus, the 

COOH 
calcium salt of an acid of the formula CaHj < ^^^„ ought, ac* 

cording to this view, to yield quinone by distillation : — 

C2H,<^^^>Ca! 

!?5^9. ' CO 

~~--i----- = C2H2 < f^^ > C2HJ + 2 CaCOs. 

Several quinones have been studied. Under the head of 
Anthracene, we shall meet with an important one called anthra- 
quinone, which has been made by such reactions as prove it to 
be a di-ketone in the sense in which this expression is explained 
above. 

Pyridine Bases, CnHgn-sN. 

In the manufacture of bone-black, bones are subjected to dry 
distillation, when an oil passes over which is known as bone oil. 
This oil is a complex mixture of substances, several of which 
have, however, been isolated. Among the pure substances 
which have been obtained from bone oil may be mentioned 
pyridine, picoline, lutidine, and coUidine. All these compounds 
contain nitrogen ; and, starting with pyridine, they form an 
homologous series : — 

Pyridine QH^N. 

Picoline CeHyN. 

Lutidine C7H9N. 

CoUidine CgHuN. 

Pyridine, O5H5N. — Besides being formed in the distillation 
of bones, pyridine has recently been made in several ways, 
some of which enable us to form a conception in regard to 
its relations to other substances which have been studied. 
Great interest in the substance and ita dei\\«A]\N^«i \ia& \><^<k«v 
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aroused by the observation that several of the alkaloids which 
occur in nature, such as quinine, cinchonine, nicotine, etc., 
when oxidized, yield acids containing nitrogen, which bear to 
pyridine the same relations that benzoic, phthalic acids, etc., 
bear to benzene. Thus, by oxidizing nicotine, nicotinic acid is 
obtained. This has the formula C6H5NO2 ; and, when distilled 
with lime, it breaks up into p3Tidine and carbon dioxide : — 

CeH^NOg = C^H^N + CO,. 

Nicotinic acid. Pyridine. 

This naturally leads to the conclusion that nicotinic acid is 
pyridine-carbonic acid, C5H4N.CO2H, which bears to p3-ridine 
the same relation that benzoic acid bears to benzene, acetic 
acid to marsh gas, etc. 

Pyridine is formed : — 

1. By treating iso-amyl nitrate with phosphorus pentoxide : — 

C^Hu.NOs = QH^N + 3H2O. 

2. By conducting acetylene and hydrocyanic acid together 
through a tube heated to redness : — 

2 C2H2 + HCN = C5H5N. 

It is a liquid with a peculiar, sharp, characteristic odor. It 
boils at 116. 7^ 

It unites with acids forming salts. 

It has been suggested that pyridine is related to benzene ; 
and that it should be regarded as the hydrocarbon in which one 
of the six CH groups is replaced by a nitrogen atom, as repre» 
sented in the formulas 



H 




H 


c. 




c. 


HC/ ^CH 




HC^ ^CU 




and 








HCk /CH 



H 
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This view has suggested various lines of investigation. Thus, 
if the above formula really represents the relations between 
benzene and pyridine, it is clear that the existence of three 
isomeric mono-substitution products of pyridine ought to be 
possible. Thus, there should be three methyl-pyridines or 
picolines, three pyridine-carbonic acids, etc. The three pico- 
lines should correspond to the formulas 

H H CHa 

II II II 

HC. /C.CH, HC\ /CH HCv /CH 

^N^ ^N^ ^N^ 

Ortho*picoline. Meta-picoline. Para-picoline. 

All tkree picolines are known; and, by oxidation, they are 
converted into the three pyridine-carbonic acids, C5H4N .CO2H ; 
and these, when distilled with lime, yield pyridine and carbon 
dioxide. 

The pyridine bases unite with two, four, or six atoms of 
hydrogen. The addition-products thus formed are believed 
to exist in the alkaloids. 

Ptperidine, CsHyN, a base foun^ in piperine, a constituent 
of pepper, has been shown to be hexa-h3dro-pyridine. 

Nicotine is probably of similar structure. 

Valuable results may be expected from the further investiga- 
tion of pyridine and its derivatives. 

• 

Terpenes, C10H16. 

In nature, particularly in the coniferous plants, occur several 
isomeric hydrocarbons, which are known by the common name 
terpene. These substances are very susceptible to the action 
of reagents, and hence undergo many changes. One of the 
most common changes is polymerisation. Thus, when a terpene 
is heated in a sealed tube, or is shaken wiWi eoiift.^\i\x«\fc^ ^^- 
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phuric acid, or with boron fluoride and other substances, it is 
converted into polymeric modifications of the formulas C15H21 
and C20H32. The terpenes unite with hydrochloric and hydro- 
bromic acids, forming compounds, CioHw.HCl and CioHia.2 HCl. 

Oil of turpentine, terebenthene, OioHm. — This oil is 
obtained by distilling turpentine, a resinous substance which 
exudes from incisions in the bark of various species of the 
pine, larch, fir, etc., especially the pine. The oil consists 
largely of a hydrocarbon, CioH]d. The oils obtained from dif- 
ferent spenies of trees differ somewhat in their properties. 

Among the more interesting chemical transformations of oil 
of turpentine, the following may be mentioned : It absorbs 
oxygen from the air ; dilute nitric acid oxidizes it readily, con- 
verting it into acetic, propionic, butyric, oxalic, para-toluic, 
terephthalic acids and some other acids; bromine and iodine 
convert it into cymene. 

Oil of turpentine is used in the manufacture of varnishes on 
account of its solvent power for resins. It is also used in 
medicine. 

The reactions above enumerated indicate clearly that there 
is a close relation between cymene and oil of turpentine. This 
is shown by the fact that it is so readily converted into cymene^ 
and that it yields para-toluic and terephthalic acids by oxida- 
tion. It has therefore been suggested that oil of turpentine is 
a hydrogen addition-product of cymene, of the formula 

CHb 

Our knowledge concerning the isomerism of the terpenes is 
as yet incomplete, IhougYi ot \a\A tdsx<(^ \v^^ \xaja been thrown 
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iipon this chapter of chemistry, and we mLy confidently look 
lor farther interesting results. 

acid gas is conducted into oil of turpentine, a curious solid 
known as artifidal camphor is formed. It looks like ordinary 
camphor, and has a very similar odor. When heated aloue, or 
with bases, it gives off hydrochloric acid, and a terpene different 
from the oil of tarpentme is formed. 



Camphor. 

Bomeol, Borneo camphor, CioHisO. — Borneo camphor 
is a substance found in cavities in a tree {Dryobalanops cam- 
phora) which grows in Borneo, Sumatra, etc. It can be made 
by treating ordinary camphor with sodium : — 

2 CioHieO + 2 Na = CioH^ONa + CioHijONa. 

Ordinary Sodiam compoand Sodium compound 

camphor. of bomeol. of ordinary 

camphor. 

The relation between the two kinds of camphor is shown better 
oy the equation : — 

CjoHiflO + H2 ^ CjoHxgQ. 

Ordinary BoroeoL 

' camphor. 

Camphor, laurinol, CioHisO — This is the substance ordi- 
narily called camphor. It is obtained in China and Japan from 
different species of the genus camphora of the laurus family, by 
distilling the finely-cut wood with water vapor. It is purified 
by sublimation. 

Camphor forms hexagonal crystals ; melts at 175^, and boils 
at 204®. It is only slightly soluble in water ; easily soluble in 
alcohol. 

Boiled with iodine, hydriodic acid gas is given off and cymene 
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is formed. Phosphorus pentoxide decomposes camphor into 
cymene and water : — 

CioHieO ^ CioHi4 + H20* 

Camphor. CymeDe. 

The same decomposition is effected by heating camphor with 
concentrated hydrochloric acid to 170°. It will be seen that, 
as far as the composition is concerned, the difference between 
a terpene and camphor is one atom of oxygen : — 

Terpene. Camphor. 

The relation between the substances is undoubtedly a close 
one, as is shown by the formation of cymene from both. It is 
stated that a substance closely resembling camphor has been 
made by oxidizing the terpene known as camphene, which is 
formed by shaking oil of turpentine with sulphuric acid. 



CHAPTER XVI. 

DI-PHBNYL-MBTHANB, TRI-PHBNYL-MBTHANB, 
TBTRA-PHBNYL-MBTHANB, AND THEIR 

DBRIVATIVBS. 

As we have seen, toluene may be regarded either as meth}'!- 
benzene or phenyl-methane. Of course, according to all that 
ifl known regarding similar substances, the two views are identi- 
cal. Regarding it, for our present purpose, as phenyl-methane, 

H 
This suggests the possibility of the existence of such sub- 
stances as 

f CeH, 

P XT 

^ H ' 
H 

H 



Tri-phenyl-metfiane ...... C 






-CeHs 



and TetrorpJienyl-methane C - 



All these hydrocarbons are known, and the derivatives of 
tri-phenyl-methane are of special interest and \m^Qt\,"a?ci!C^. 
There is one reaction by means of wMch t\\e^^ \i^'^xoe,"a:^«^^ 
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can be made very readily. It has also been used for the synthe- 
sis of many other hydrocarbons. It depends upon the remark- 
able fact that, when a hydrocarbon is brought together with 
a compound containing chlorine, and aluminium chloride then 
added, hydrochloric acid is evolved, and union of the two 
substances is effected, the aluminium chloride not entering into 
the composition of the product. Thus, when benzene and 
benzyl chloride, CgHg.CHgCl, are brought together under ordi- 
nary circumstances, no action takes place ; but, if some solid 
aluminium chloride is added, reaction takes place according 
to the following equation : — 

C6H5.CH2CI 4" CgHg = CgHg .CHj .C6H5 + HCI9 

Di-phenyl-methane. 

and di-phenyl-methane is formed. 

Similarly, when chloroform and benzene are brought together 
in the presence of aluminium chloride, tri-phenyl-methane is 
formed according to this equation : — 

CHCls + 3 CeUe = CH(C«H5)3 -f 3 HCL 

Tri-phenyl-methane. 

Another method by which these hydrocarbons can be made, 
consists in heating a chloride and a hydrocarbon together in the 
presence of zinc dust. Thus, benzyl chloride and benzene give 
di-phenyl-methane when boiled with zinc dust; and benzal 
chloride, C6H5.CHCI2, and benzene give tri-phenyl-methane: — 

CeH,.CHCl2 -h 2 CeHe = CH(C6H5)3 + 2 HCl. 
Only tri-phenyl-methane will be taken ap here. 

Tri-phenyl-methane, Oi9Hi8[= OH(06H5)s]. — This hydro- 
carbon can be made, as above described, from benzal chlo- 
ride and benzene, and from chloroform and benzene. It 
can also be made from benzal chloride and mercui7 diphenyl, 
Hg(CeH,),:- 
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It forms lustrous, thin laminae, which melt at 92**. It is 
insoluble in water ; easily soluble in ether and chloroform. It 
is cr3^stallized best from alcohol. 

Towards reagents it is very stable. Thus, ordinary concen- 
trated sulphuric acid does not act upon it. r CgHg 

Oxidizing agents convert it into tri-phenyl-carbinol, c \ ^'f/' 

I OH 
That the oxidation-product is really tri-phenyl-carbinol appears 

probable, from the fact that whenever aromatic h3'drocarbons 
which contain paraffin residues are oxidized, the paraffin resi- 
dues are first attacked, while, as a rule, the benzene residue is 
unacted upon. 

Trinitro-triphenyl- } o^„(no,),[=OH(0,H.NO,),], is 
methane, ' 

formed by treating tri-phenyl-methane with nitric acid ; and 
also by treating a mixture of nitro-benzene and chlorofonn 
with aluminium chloride : — 

CHClg + 3 CeH^.NOg = CH(CeH4.N02)3 + 3 HCl. 

This reaction shows that in the tri-nitro product one nitro group 
is contained in each benzene residue. 

Triamido-triphenyl-methane, para-leuoaniline, 

. Ci9Hw(NH2)3[= OHtCeH^ . NH^ls]. 

The tri-amido compound is made by reduction of the tri-nitro 
compound, and also by reduction of para-rosaniline. It is 
converted into para-rosaniline by oxidation. 

Aniline Dyes. 

The well-known substances included under the head of Ani- 
line Dyes are more or less simple derivatives of the two 
compounds called rosaniline and para-rosanilme. 

When mixtures of aniline and toluidine are heated together 
with different oxidizing agents, such as aisem^ ^csv\, ^Xi-axasssi, 
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chloride, mercuric chloride, etc., several substances are formed 
the principal of which are the two above named. Para-rosani' 
Hue, C19H19N3O, is formed from para-toluidine and aniline, accord- 
ing to the equation, ^ 

2 CfiHyN -f- C7H9N + 30 = C19H19N8O + 2 H2O. 

^jiiline. Toluidine. Fara-rosaniline. 

Rosaniline, C20H21N8O, is formed in a similar way : — 
CeHyN + 2C7H9N + 30 = CaoHaiNsO + 2H2O. 

Aniline. Toluidine. Boaaniline. 

The composition and modes of formation of the two sub- 
stances show that rosaniline is a homologue of para-rosaniline, 
the relation between the two substances being represented by 
the formulas CisHigNgO and Ci9H,8(CH3)N30. 

By treating para-rosaniline with a reducing agent, it is con- 
verted into para-leucaniline, which has been shown to be tri- 
amido-triphenyl-methane : — 



C„H,9N80 + Ha = C19H19NJ « C ^ 

F&ra-rosani- Para-leuc' 

line. aniline. 



C6H4 . NHa^ 
C6H4.NHJ 
CeH4.NH2 
H 



+ H2O. 



We see thus that para-rosaniline and rosaniline, which are 
the fundamental compounds of the group of aniline dyes, are 
derivatives of the hydrocarbon tri-phenyl-methane. 

Para-rosaniline, dgHnNs. — The formation of this sub- 
stance by oxidation of para-leucaniline and of a mixture of 
toluidine and aniline was mentioned above. The relation 
between para-rosaniline and para-leucaniline is probably ex- 
pressed by the following formulas : — 



rc,H, 

CH \ C,Hj CH 



^6^^5 



CeH,.NH2 

CgHi . NHj, C(OH) 



G8XI4 . jy ri2* 

CeH^.NHj 



Trl-phenyl- Para-leucaniline. Triamido-triphenyl-carbinol, 

methane. ^"^ Ya^ta-roaanilinc. 



\ 
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'Boscmiline, C20H21N3O. — This is the principal constituent 
of commercial f uchsiue. It is formed by oxidizing a mixture of 
aniline and toluidine : — 

CflHyN + 2C7H9N + 30 = CaoHaNsO + 2HiO. 

Experiment 77. In a dry test-tube put a little dry mercuric chlo- 
ride and a few drops of commercial aniline. Heat oyer a small flame. 
Dissolve the product in alcohol, with the addition of a little hydro- 
chloric or acetic acid. The beautiful color of the solution is due to 
the presence of the hydrochloride or acetate of rosaniline. 

On the large scale, the oxidizing agent used is arsenic acid. 
Care is taken to remove all arsenic acid from the product, but 
it IS nevertheless sometimes found in the products obtained in 
the market. Kosaniline crystallizes in needles or plates. It is 
very slightly soluble in water ; more readily soluble in alcohol. 
It forms three series of salts with monobasic acids. With hydro- 
chloric acid it forms the salts C20H19N3.HCI and C20H19N3.3HCI. 
The former is the substance known as fuchsine^ though some of 
the fuchsine met with in the market is the acetate of rosaniline, 
C20H19N8.C2H4O2. The formation of the salts of rosaniline takes 
place as represented in the following equation : — 

CeH4 . NH2 
C(0H)(CaH4. NHj,), + HCl = C 



Para-rosaniline. 



CgH^ , NH2. 

C6H4 . NH . HCl 

I 



Para-rosaniline hydrochloride. 

Fuchsine and the other salts of rosaniline dye wool and silk 
directly- For dyeing cotton cloth, however, a mordant is neces- 
sary. 

Dyeing. Animal fibres, in general, are colored directly by 
dyes ; that is to say, they have the power of forming with the 
dyes stable compounds which adhere to the fibres. This is not 
true of vegetable fibres, as cotton cloth and linen. Hence, in 
order to dye the latter, something must be added of such a 
character that, with the dye, it forms a compound which adheres 
to the ^hrea, Substances wMch act Vn \»\i\a ^^^ ^\<i ^^i\^^ 
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mordants. Among the substances used as mordants are alu- 
siinium acetate, feme acetate, and some salts of tin. 

Experiment 78* Make a dilate solution of picric acid by dissolr- 
Ing 2R to 3« in 200«» to 300^^ water. In apportion of it suspend a few 
pieces of white yarn or flannel. The woollen material will be strongly 
dyed yellow. In another portion suspend a piece of ordinary cotton 
cloth. And in a third portion introduce a piece of cotton cloth which 
has been soaked in aluminium acetate and afterwards partly dried. 
The aluminium acetate can be made by treating a solution of sugar 
of lead with enough of a solution of alum to precipitate the lead, and 
then filteiing off the lead sulphate. The unprepared cotton cloth, 
when removed from the picric acid solution and washed, will be found 
to be only slightly colored ; whereas, that piece which was soaked in 
the mordant will be found to be strongly dyed. Similar experiments 
may be made with fuchsine. 

Among the simpler aniline dyes are the following : — 

Hofmann's Violet. This is either the hydrochloric acid or 
acetic acid salt of tri-methyl-rosaniline. It is made by heating 
together a salt of rosaniline, methyl iodide, methyl alcohol, and 
caustic potash. 

Iodine Green is the iodide of penta-methyl-rosaniline. 

Aniline Blue is tri-phenyl-rosaniline, CaoHie(C6H5)3N8, which la 
formed by heating salts of rosaniline with an excess of aniline. 

Phthaleins. 

In speaking of phthalic anhydride, it was stated that when 
this substance is treated with phenols, phthaleins are formed ; 
and, in speaking of resorcin, a markedly fluorescent body was 
mentioned as being formed when phthalic acid and resorcin are 
heated together. 

Phenol-phthalein, O20H14O4. — This substance is formed by 
treating a mixture of phenol and phthalic anyhdride with sul* 
phoric acid or some other dehydrating agent : — 

2 CeHeO + C^HA = CaoHiA + H^^. 

Phenol. PbthaUc Phenol- 

axihydrVde. ^ti\2lQ&\!£VxL. 
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The fused mass is dissolved in caustic soda, and the phenol- 
phtlialein precipitated by the addition of an acid. It forms a 
granular crystalline powder. Its solution in alkalies is red or 
violet, according to the thickness of the la3'er. Acids destroy 
the color. Hence it is used as an indicator in alkalimetry as a 
substitute for litmus. 

Phenol-phthalein, like rosaniline, is a derivative of tri-phenyl- 
methane, as has been shown by the following somewhat compli- 
cated reactions : — 

The chloride of phthalic acid, or phthalyl chloride, C8H4O2CI2, 
when treated with benzene in the presence of aluminium chloride, 
gives up its two atoms of chlorine, and in their place takes up 
two phenyl groups, thus : — 

QHACI2 + 2 CeHe = CsHACCeHfl)^ + 2 Ha. 

Fhtbalyl chloride, Diphenyl-phtbalide. 

The substance thus formed is known as diphenyl-phthalide. 
Its conduct towards water and bases is such as to show that it 
ifl the anhydride of an acid : — 

CgH.402(C^ji)2 + H2O = C^i{fiOs(CeH.fi)2 



When this acid is reduced by means of zinc dust it loses 
oxygen : ^ 

(CeHfi)^ t (C6H5)2 



C^H^J 



And, finally, when the last product is distilled with baryta, it 
loses carbon dioxide and yields tri-phenyl-methane : — 

We bare tbua passed from phthaUc aiAv3«\\:v3ie. \o \.yv-^««^- 
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methane, and the reactions just referred to are in all probability 
correctly represented by the following formulas and equations : — 

CgH, + H2O = C J ^«^* 

CeH4 . CO CgH4 • C02H.* 



c 



o 



I 



Dipbenvl-pbthalide, or an. 
hydride of triphenyl-car. 
binol-carbonic acid. 

CeHa 

Cexl4 • CO2H 

OH 



OH 

Triphenyl-carbinol- 
carbonic acid. 



c 



= c 



CeHs 

CqUs + o. 

00x14 • COgH 
H 



Tripbenyl-metbane- 
carbonic acid. 



c 



CgU.4 • OOgH 
H 



= C 



C«H 



6"^5 



CeHa 



H 

Tri-phenyl-methane. 

Now, by making dinitro-diphenyl-phthalide, reducing it, and 
boiling the diazo compound with water, the product is phenol- 
phthalein. Hence, the latter compound appears to be the di- 
hydroxy derivative of diphenyl-phthalide : — 



C6H4.CO 

O 1 



C6H4.NH2 
^ I QH4.NH2 
^ C6H4.CO 

o 1 



c 



C6H4 .OH 
CCH4.OH 
CCH4.CO' 
O- 



I 



Phenol-pbthaleYn. 

The formula for phenol-phthalein may also be written thus : — 

C({H4 .OH ^ p ^ O6H4 ppi 
CeH, .OH > ^ < O > ^"' 

the curious arrangement of the carbonyl group being simply the 
sign of the anhydride condition between carboxyl and hydroxyl, 
of which the simplest expression is 
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Note for Stxjdent. — Although the reactions above briefly de 
scribed may at first sight appear to be difficult to comprehend, they 
are in reality simple enough. The student is earnestly recommended 
not to slight them on account of the long names and complex formulas 
involved. They afford an excellent example of the methods upon 
which we rely for determining the nature of complex substances. 
Notice that all appears dark until the well-known substance tri-phenyl- 
methane is obtained, which suggests that all the substances are deriva- 
tives of this fundamental hydrocarbon; and how easily, when this 
conception has once been formed, the interpretation of all the reactions 
follows. 

Among the other phthaleins which deserve special mention is 
that which is formed with resorcin. 



Fluorescein, resorcin-phthaJeln, G20H12O5. — This beau- 
tiful substance is formed by simply heating together resorcin 
and phthalic anhydride : — 

2 CeH4(OH)2 + CgHA = CaoHiaOs + 2 H^O. 

Its solutions in alkalies are wonderfully fluorescent. The sub- 
stance, which is sold under the name " uranin^' for the purpose 
of exhibiting the phenomenon of fluorescence, is an alkaline salt 
of fluorescein. 

The reaction which takes place between resorcin and phthalic 
anhydride, when fluorescein is formed, is of the same kind as 
that which takes place between phenol and the anhydride to 
form phenol-phthalein. We should therefore expect to find that 
♦inorescein has the formula — 
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which shows its analogy to phenol-phthalem, 

CeH^.OH 
CeH^.CO 
O » 

It is found, however, that in reality fluorescein corresponds to 
the above formula less one molecule of water ; and it is believed 
that the water is given off as represented thus : — 



^^8' 



C-l 



CiiHo « 



OH 
O 
I OH 
CeH4.C0 

o- 



e'-As 



= CaoHi205. 



J 



FluoreBceYb. 



Eosin, tetra-brom-fluorescein, C2aH8Br405, is formed by 
treating fluorescein with bromine. Its dilute solutions have an 
exquisite, delicate pink color which suggests a color often seen 
in the sky at the dawn of day. Hence the name eosirij from 
i7(os, dawn. It is fluorescent, and is used as a dye. 



CHAPTER XVn. 
HYDROCARBONS, CnHto-s, AND DBRIVATIVBS. 

The hydrocarbons thus far considered are of three classes. 
They are: (1) paraffins, or saturated hydrocarbons of the 
marsh-gas series ; (2) unsaturated hydrocarbons related to 
the paraffins; and (3) hydrocarbons which contain residues 
of the saturated paraffins and of benzene. 

"We now pass to a brief consideration of a hydrocarbon which 
is made up of a residue of benzene and of an unsaturated par- 
affin. It bears to ethylene the same relation that toluene bears 
to marsh gas ; that is to say, it is phenyl-ethylene. 

Styrene, phenyl-ethylene, 08H8(= OeHs.OH.OHz). — This 
hydrocarbon is contained in liquid storax, — a fragrant, honey- 
like substance which exudes from various plants, as the liquid- 
amber. It is formed by distilling cinnamic acid with lime : — 

C9H8O2 = CgHg -j- CO2. 

Note for Student. — What does this reaction suggest with regard 
to the relation between cinnamic acid and styrene? 

It is also formed from phenyl -ethane, CftH5.C2H5, in the same 
way that ethylene is formed from ethane : — 



{ 



C,H, + Brj = CjjHjBr + HBr 

C^^r + KOH = CjjH. + KBr + H^O ' 

CJSt . CjH, + Brj = CeH, . C^H.Br + HBr ; 
CHj.CjHiBr + KOH --= CHj.CjHj + KBt -V ^€>- 

Styrene. 
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Its formation by heating acetylene was mentioned on p. 

225 : 

4 C2H2 = CgHg, 

Note for Student. — What other polymeric product is obtained 
by heating acetylene? 

Styrene is a liquid of an aromatic odor ; boils at 144° to 
144.5°; insoluble in water; miscible with ether and alcohol in 
all proportions. 

When heated alone up to 300°, or even when allowed to stand 
at ordinary temperatures, it is converted into a polymeric modi- 
fication, called meta-styrene^ which is a solid. This same change 
is readily effected by several reagents, such as iodine and con- 
centrated sulphuric acid. Styrene unites directly with chlorine 
and bromine in the same way that eth3'lene does (see p. 214) : — 

CeH^.C2H3 -f- Br2 = CeH5.C2H3Br2. 

Chromic acid and other oxidizing agents convert styrene into 
benzoic acid (see remarks, p. 248) . Some higher members of 
this series have been prepared, such slq phenyl-propylene, phenyl' 
butylene, etc. ; but at present they are not of sufficient import- 
ance to make their consideration necessary. 

Styrene is closely related to cinnamic acid, from which the 
interesting and important compounds of the indigo group are 
obtained. 

Styryl alcohol, 09HioO(= CeHs.OH.OH .OH^OH). — This 

alcohol occurs in nature in the form of an ethereal salt of cin- 
namic acid in liquid storax, and also in balsam of Peru. It 
forms long, thin needles, which melt at 33°. It boils at 
250°. It takes up hydrogen, and yields phenyl-propyl alcohol, 
CfiH^ .CHjj .CHa .CH2OH (see p. 283) : — 

C^a.5.Cu .CH .CI12OII "4" H.2 = C6H5.CH2.CH2 .0112011. 

Bj treatment with hydriodic acid it yields allyl-benzene 
^/zenjl-propylene) , C^^ .CH .CH .CR^^ «u\i^ \G\\\atkft, 
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When oxidized with platinum black it is converted into the 
corresponding aldehyde, cinnamic aldehyde; and, by further 
oxidation, into cinnamic acid. The relations between the three 
substances are the familiar ones of a primary alcohol, and the 
corresponding aldehyde and acid : — 

G^a^ •0x1 .C/xx •C/xijOU. Ogxij .Oxx .Cxi •OUO* 

Styryl alcohol. Cinnamic aldehyde. 

O0I15 .CM .Cu •\)\J^a.» 

Cinnamic add. 

These compounds are simply the phenyl derivatiyes of allyl 
alcohol, acroM'n, and acrylic acid: — 

CM2 '^H •CH.20M. CH2 .CH .CMO* CII2 'CH .COgU* 

Allyl alcohoL AcroleYn or Acrylic add. 

acrylic aldehyde. 



Cinnamio acid, 
Phenyl-aorylio acid, 



1 09H8O2(= CeHs .OH .OH .OO2H) . 



Cinnamic acid is found in liquid storax, partly in the free con- 
dition, and partly in the form of an ethereal salt in combination 
with styryl alcohol, as styryl cinnamate, in the balsams of Tolu 
and Peru. It can be made synthetically : — 

1 . By heating together benzoic aldehyde and acetyl chloride : — 

CftH,.COH + CH3.COCI = CftH5.C2H2.CO2H -f HCl. 

This reaction will be better understood by writing it in two 
equations : — 

(1) CftHj.CHIOJ + CiHgJH .COCl = CeH^ .CH .CH .COCl + HgO; 

' — — Cinnamyl chloride. 

(2) CftHa .CH .CH .COa + H2O = CftH^ .CH .CH .COgH + HCl. 

Cinnamyl chloride. 

The kind of action represented in equation (1) is not un- 
common. "We have already met with it in the formation of 
mesitylene from acetone (see p. 250") , m Yj\i\e\i e«k&^ \7«o V^^^^- 
gena from each of three methyl grov\ps uxxVXft m\)ci ^^ is^cs^^"^ 
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atom from each of the three earbonyl groups. The product 
is called a condensation-product ^ and the action is known as 
condensation. 

2. By heating together benzoic aldehyde and acetic anhy- 
dride : — 

CftH^.COBL -f- (02330)20 s= C0H5 .C2-H2 *002H -f- C2H402- 

It is probable that the action between benzoic aldehyde and 
acetic anhydride is of the same kind as that between the alde- 
hyde and acetyl chloride. , 

3. By treating benzal chloride with sodium acetate : — 

CfiH^.CHJClg! +CiH2iH.C02Na = CeH5.CH.CH.C02Na + 2HCI. 
CeH^.CH.CH.COsNa + HCl = CeH^ .CH .CH .CO2H + NaCl. 

The acid is now manufactured on the large scale by the last 
method. 

Cinnamic acid is a solid which crystallizes in monoclinic 
prisms. It melts at 133°, and boils at 300° to 304°. It is 
easily decomposed into styrene and carbon dioxide : — 

CeU5*CM .OM >C02H = C6li5.CH.CH2 -|- CO2., 

Oxidizing agents convert it first into benzoic aldehyde and 
then into benzoic acid. Nascent hydrogen converts it into 
hydro-cinnamic or phen3'l-propionic acid, CeHa.CHa.CHg.COoH 
(p. 295). It unites with hydrochloric, hydrobromic, and hydri- 
odic acids : — 

CeH5.C2H2.CO2H + HCl = C6H5.C2H3CI.CO2H. 

Fhenyl-chlor-propionic 
acid. 

Treated with substituting agents, such as nitric acid, etc., it 
yields substitution-products in which the entering atoms or 
groups are contained in the benzene residue, in the ortho and 
para positions relatively to the acrylic acid residue, C2H2.CO2H. 
Bromine yields the addition-product CGH5.C2H2Br2.CO2H. 



COUMARIN. 329 

Nitro-cinnamic acids, CeH*!^,^'' ' . — The ortho- 

and paxa-acids are formed by dissolving cinnamic acid in nitric 
acid. 

Note for Student. — What are the products when toluene is 
treated with nitric acid? When benzoic acid is treated in the same 
way? To which case is the above analogous? 

Amido-cinnamic acids, ^eH*!^^.^' ^ . — These acids 

are formed by treating the nitro-acids with reducing agents. 
The ortho-acid loses water when set free from its salts, and 

forms the anhydride carbostyril, CgH^ < J* ^ ^ C.OH, analogous 

to hydro-earbostyril (p. 296). 

Coumarin, C9H6o/=C6H4{q'5!?^)' ^® * compound found 

in Tonka beans, and in some other plant-substances. It has 
been made synthetically from salicylic aldehyde and acetic anhy- 
dride, just as cinnamic acid is made from benzoic aldehyde and 
acetic anhydride. The first product of this action is probably 

orthO'hydroxy-cinnamic add^ or coumaric acid, CgH^ | ^^^^^ ? 

which then loses water, yielding the anhydride or coumarin. 
Coumarin has a pleasant odor, like that of vanillin, and is used 
for flavoring. Treated with bases, it yields salts of coumaric 
acid. 



CHAPTER XVIII. 

PHBNYL-ACBTYLBNB AND DBRIVATIVBS. 

Phenyl-acetylene, acetenyl-benzene, CeHs.C.CH, bears 
to acetylene the same relation that styrene, or phenyl-ethylene, 
bears to ethj'lene. It is made from styrene in the same way 
that acetylene is made from ethylene : — 

(1) C2H4 +Br2 = CgH^Bra; 

(2) C2H4Br2 + 2 KOH = C2H2 + 2 KBr + 2 HgO. 

C6H5.C2H8 4- Br2 = CgHs .C2H3Br2 ; 
C6H5.C2H8Br2 + 2 KOH = CeHs-CgH + 2 KBr + 2H2O. 

Phenyl-acetylene. 

It is a liquid which boils at 139° to 140°. It unites directly with 
four atoms of bromine, forms metallic derivatives, and, in gen- 
eral, conducts itself like acetylene (which see) . 

Phenyl-propiolic acid, C9H602(= CeHs.C.C.COaH). — This 
acid is a carboxyl derivative of phenyl-acetylene, bearing to it 
the same relation that cinnamic acid bears to phenyl-ethylene. 
It is made from cinnamic acid, by treating brom-ciunamic acid, 
CgHg . C2HBr . CO2H, with alcoholic potash : — 

C6H5.C2HBr.CO2H = C6H5.C2.CO2H + HBr. 

It forms long needles, which melt at 136° to 137°. When 
heated with water, it breaks up into carbon dioxide and 
phenyl-acetylene . 

{C CO BT 
NO ^ » ^^ 
made from ortho-nitro-cinnamic acid, in the same way that 

phenyl-propiolic acid is made from cinnamic acid (see pre- 
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ceding paragraph). It is of special interest, for the reason 
that it can easily be transformed into indigo. The ti*ans- 
formation is most readily effected by boiling it with alkalies 
and grape sugar, or some other mild reducing-agent. The 
reaction is represented by the following equation : — 

2 CeH* j 5*^^'^ + H4 = CieHioNA + 2 CO^ + 2 H^O. 

Ortho-nitro-phenyl* 
propiolic acid. 

The acid is at present manufactured on the large scale, for 
the purpose of making indigo. 



Indigo and Allied Compounds. 

In several plants, Indigofera tinctoria, Isatis tinctoria^ etc., 
there occurs a glucoside called indican^ which, under the influ- 
ence of dilute mineral acids and certain ferments, breaks up, 
yielding indigo-blue and a substance resembling the glucoses. 
The indigo of commerce is prepared in the East and West 
Indies, in South America, Egypt, and other warm countries. 
At the proper stage the plants are cut off down to the ground, 
put in a large tank, and covered with water. Fermentation 
takes place, the indican breaking up and yielding indigo, as 
above stated. The liquid becomes green, and then blue. 
When the fermentation is finished, the liquid ip drawn off 
into a second tank. This liquid contains the coljoring-matter 
in solution.^ In contact with the air it is oxidised, forming 
indigo, which, being insoluble, is thrown down. In order to 
facilitate the precipitation of the indigo, the liquid is thoroughly 
stirred. Finally, the liquid is drawn off, the precipitated indigo 
pressed and dried, and then sent into the market. 

The substance prepared as above has a dark-blue color, and 
contains other coloring-matters besides indigo-blue. Its value 
depends upon the amount of the definite compound, indigo-blue, 
which it contains. 
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Indigo-blue, indigotin, CjeHioNaOz. — Indigo-blue is ob- 
tained from commercial indigo by reducing it to indigo-white, 
and then exposing the clear colorless solution to the air, when 
indigo-blne is precipitated. 

Experiment 79. Into a test-tube put a small quantity of powdered 
indigo; add fine zinc filings or zinc dust and caustic soda. When the 
mixture is heated the indigo forms a colorless solution. When this 
result has been reached, pour some of the solution into a small evapo- 
rating-dish. Contact with the air colors it blue. 

Indigo-blue can be made artificially by a number of methods, 
among which the two following are the principal ones : — 

1. By boiling ortho-nitro-phenyl-propiolic acid (which see) 
with an alkali and grape sugar : — 

2CelLA^';^^^ + 4H = CieHioNA + 2 H^O + 2 COg. 

( N02(o) 

2. By heating isatine (which see) with phosphorus trichlo- 
ride, phosphorus and acetyl chloride. 

Without going into the mechanism of these reactions, we see 
that there are two general ways of obtaining indigo artificially. 
The first starts from cinnamic acid, which is successively con- 
verted into ortho-nitro-cinnamic acid and ortho-nitro-phenyl- 
propiolic acid ; the second starts from benzoic acid, which is 
converted into ortho-nitro- and ortho-amido-benzoic acids. Tbe 
latter is then converted successively into the chloride, cyanide, 
and corresponding acid, the anhydride of which is isatine. For 
fuller details of the reactions involved in the formation of ortho- 
nitro-phanyl-propiolic acid, see p. 330 ; and for similar details 
in regard to isatine, see p. 291. As has been stated, indigo is 
now manufactured on the large scale by the first of the two 
methods above given. 

Indigo-blue crystallizes from aniline in dark-blue crystals. 
It sublimes in rhombic crystals. Its vapor has a purple-red 
color. It is insoluble in water, alcohol, and ether ; soluble in 
aniline and chloroform. Oxidizing agents convert it into isa- 
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tine (which see). Heated with solid caustic potash, it yields 
carbon dioxide and aniline ; boiled with a solution of caustic 
potash and finely-powdered black oxide of manganese, it is 
converted into ortho-amido-benzoic acid (anthranilic acid) (see 
p. 291). 

A great many compounds related to indigo have been made 
incidentally to the study of its chemical conduct. The syn- 
thesis of indigo has been effected, as a result of this study. 
The work undertaken was suggested by the fundamental facts, 
above mentioned., that indigo when decomposed, readily yields 
aniline and oi-tho-amido-benzoic acid. The question which 
investigators have endeavored to answer is. What relations do 
indigo-blue and the compounds allied to it bear to ortho-amido- 
benzoic acid? Although, as far as indigo-blue is concerned, 
this has proved to be a difficult question, to which a final 
answer is still' lacking, as far as some of the simpler derivatives 
are concerned it has been answered. Two of these, oxindol 
and isatine, have been treated in connection with the simpler 
compounds, to which they are most closely related. A few 
others will here be mentioned. 

Indigo-white, C16H12N2O2, is formed by reduction of indigo- 
blue, as above described. Its solutions rapidl3' turn blue in the 
air, in consequence of the formation of indigo-blue. 

When indigo is oxidized with nitric acid, isatine, C8H5NO2, 

is formed : — 

CmHioNA + Oj = 2 CjHjNOj. 

When isatine is treated with sodium amalgam, it takes up 
hydrogen, and yields dioxmdol, CgHyNOj: — 

CgHjNOa + Hj = CgHyNOa. 

Isatine. Dioxindol. 

B}^ further reduction, dioxindol loses an atom of oxygen, yield- 
ing oxindol,, CgHyNO : — 

CgH^NOz + H2 = C«H7N0 + H2O. 

Dioxindol. Oxindol 



334 PHBNYL-ACETYLENB AND DERIVATIVES. 

The relations between oxindol and isatine cannot readily be 
made clear without a careful study of some very complex re- 
actions. 

It would also lead too far and be unprofitable to discuss here 
the constitution of indigo-blue itself. SuflSce it to say, that 
it has been shown to consist of a doubled group very similar 
to that of oxindol. 



CHAPTER XIX. 

HYDROCARBONS CONTAINING TWO BENZENE 
RESIDUES IN DIRECT COMBINATION. 

Just as the marsh-gas residue, methj^l, CH3, unites with methyl 

CHj 
to form ethane, I , so the benzene residue, phenyl, CeHg, 

CH. C.H, 

unites with phen}! to form the hydrocarbon, diphenyl, I , and 

similar residues of toluene, and the higher members of the series 
unite in a similar way to form homologues of diphenyl. 

Diphenyl, Ci2Hio(= CeHs.CeHs). — This hydrocarbon is made 
by treating brom-benzene with sodium : — 

2 CfiHtfBr + 2 Na = CiaHw + 2 NaBr ; 

and by conducting benzene through a tube heated to redness : — 

2 CdPe = Ci^Hio + H2. 

It forms large, lustrous plates. It melts at 70.5^, and boils 
at 254^. It is easily soluble in hot alcohol and ether. 

Diphenyl is an extremely stable substance. It resists the 
action of ordinary oxidizing agents, but with strong ones it 
yields benzoic acid. A large number of derivatives of diphenyl 
have been studied. A curious one, known as carbazol^ occurs 
in coal tar. This has been shown to be a substituted ammonia 
containing a residue of diphenyl. It is properly designated by 
the name diphenyUimide, and is represented by the formula 

I >NH. It has been made synthetically by passing the vapor 

of diphenyl amine, NH ] ^«"5^ through a red-hot tuhe^ ^x^-w^Nkw^ 
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iaking place which is analogous to that mentioned above as 
taking place when benzene is treated in the same way, the 
product in the latter case being diphenyl. 

Naphthalene, CisH^. — While the relations of diphenyl to 

benzene are clearly shown by its simple synthesis from brom- 

benzene, the relations of naphthalene to benzene have been 

discovered through a careful study of its chemical conduct. 

The facts can be best interpreted by assuming that the molecule 

of naphthalene is formed by the union of two benzene residues 

in such a way that they have two carbon atoms in common, as 

represented in the formulas 

H H 

HC-CH-C-CH-CH HC^ ^C^ >CH 

I I I and I I I • 

HC-CH-C~CH-CH HCv yC. .CH 

c c 

H H 

How this conception was reached will be shown below, after 
the properties and the reactions of naphthalene shall have been 
discussed. 

Naphthalene is a frequent product of the heating of organic 
substances. Thus, it is formed by passing the vapors of alco- 
hol, ether, acetic acid, volatile oils, petroleum, benzene, toluene, 
etc., through red-hot tubes ; and, also, by treating ethylene and 
acetylene in the same way. It is therefore found in coal tar, 
and is sometimes found in gas-pipes used for gas made by 
heating naphtha, gasoline, etc., to high temperatures. It has 
been made synthetically by conducting phenyl-butylene bromide 
over highly-heated lime : — 

C6Ha.C4H7Br2 = C4H4.C2.C4H4 + H2 -f 2HBr; 

and by conducting isobutyl-benzene over lead oxide : — 

C8H5.C4H9 -|- Os = C4H4.C2.C4H4 -f- 3 M2O. 

Neither of these reactions, however, is of much assistance 
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in enabling us to form a conception in regard to the nature of 
naphthalene. 

Naphthalene is prepared on the large scale from those por- 
tions of coal tar which boil between 180° to 220°. This material 
is treated with caustic soda,- and then with sulphuric acid, and 
distilled with water vapor. 

It forms colorless, lustrous, monoclinic plates. It melts at 
79.2**, and boils at 216.6°. It has a pleasant odor ; is volatile 
with water vapor, and sublimes readily. It is insoluble in water; 
easily soluble in boiling alcohol, from which it can be crystal- 
lized. Oxidizing agents convert it into phthalic acid (see 
Exp. 74). 

The ease with which naphthalene yields phthalic acid, sug- 
gests that the hydrocarbon is probably a di-derivative of benzene 
containing two hydrocarbon residues ; such, for example, as is 

!C H 
J' 2. Such a substance, how- 

ever, contains unsaturated paraffin residues, and hence ought 
readily to take up bromine, hydrobromic acid, etc. Bromine 
and chlorine are indeed taken up easily, but the products thus 
obtained act rather like the addition-products of benzene than 
the addition-products of the unsaturated paraffins. They break 
up readily, and yield stable substitution-products of naphtha- 
lene ; and, further, the first product of the action of bromine 
on naphthalene is not an addition-product, but mono-brom- 
naphthalene, CioH7Br, a fact which shows that substitution takes 
place more easily with naphthalene than addition. We have 
seen that a hydrocarbon containing a benzene residue and an 
unsaturated paraffin residue, as, fonexample, styrene or phenyl- 
ethylene, C6H5.C2H8, and phenyl-acetylene, CGH5.C2H, when 
treated with bromine or hydrobromic acid, takes them up as 
readily as ethylene and acetylene, and this action takes place 
before substitution. According to this, naphthalene ought to 
take up bromine with avidity before substitution of its hydrogen 
takes place. 
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The formula CeH^j^^!/ and similar ones being thus rendered 

extremely improbable, the next thought that suggests itself is 

that the two groups C2H2 fnay be united, as represented in the 

( CH .CH 
formula CgH. J I . Assuming, further, that the two groups 

^CH.CH 

are united to two carbon atoms of the benzene residue which 

are in the ortho relation to each other, we may write this same 

formula thus : — 

H 

HC^ ^C-CH-CH 

I I 



HCv /C-CH-CH 
H 



or, what is the same thing, 



H H 

HC^ "^C^ "^CH 



I I 

^c c 

H H 

This formula represents naphthalene as mrvde up of two 
benzene residues united in such a way that the^' have two 
carbon atoms in common. This, as has been stated, repre- 
sents the hypothesis at present held in regard to the nature of 
naphthalene. 

As regards the assumption that the two residues are united 
through carbon atoms which are in the ortho position relatively 
to each other, it should be said that this assumption is made 
because phthalic acid is the product of oxidation ; jand the facts 
already considered have shown us that terephthajic acid must 
be represented by the formula 
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CO2H 

I I 

HCv /CH 



COJBL 



and isophthalic acid by 



CO2H 

I I 

HCv yCCOaH 

H 

and hence, in terms of the accepted hypothesis, the third pos- 
sible formula must be given to phthalic acid ; viz., — 

H 



HCv /C.CO2H 
H 

Are there any facts besides those above mentioned which 
make the hypothesis appear probable? 

By a different line of reasoning, based upon other facts, the 
conclusion is reached that naphthalene is made up of two ben- 
zene residues which have two carbon atoms in common, and the 
only formula which represents this conception is the one already 
given. The facts which lead to this conclusion are the fol- 
lowing : — 

When nitro-naphthalene is oxidized it yields nitro-phthalic 
acid. This shows that the nitro group is contained in a 
benzene residue; and we may represent it by the formula 
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!C H 
J* 2, the oxidation taking place as indicated thus :— » 

CeHs.NO^I^^JJ^ + 90= CeHs.NO^I^^^JJ +H2O + 2CO2. 

By reducing this same nitro-naphthalene, amido-naphthalene 
is obtained; and, when this is oxidized, phthalic acid is 
formed : — 

CeH^ I ^^H • NH2^i2Q = CeH^ | ^^"^ + 2C02+HN03+H,0. 

These two reactions show (1) that the part of nitro-naphtha- 
lene in which the nitro group is situated is a benzene residue ; 
(2) that there is another benzene residue in the compound into 
which the nitro group has not entered. 

It has been noticed, also, that by oxidation of a naphthalene- 
sulphonic acid, both sulpho-phthalic and phthalic acid itself are 
obtained. 

It follows, from these facts, that naphthalene is made up of 
two benzene residues, and the only way in which a hydrocarbon 
of the formula CioHg can be thus made up, is by having two 
carbon atoms common to the two residues, as represented in 
the formula already' given. It cannot be made up thus : — 

H 

• I I I 

HC \ / %. / CS 

H H 

H 

nor thus : — II | 

HC^ .CH ^CH 

^C^- C^ 

H 

for neither of these formvilas expTeaaea ^ifc iwaSaassKo\ai^\^<sa.Ql 
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the presence of two benzene residues in the same molecule. 
The only formula which expresses this idea in terms of the 
commonly accepted hypothesis for benzene is 

H H 

HC^ ^C^ "^CH 

I I I 

c c 

H H 

The proof just given for this formula is independent of any 
notions regarding the ortho, meta, and para relations in 
benzene. As phthalic acid is the product of oxidation, it 
follows that the carboxyl groups in the acid must bear to each 
other the relation expressed by the formula 

H 

HC^ ^C-COaH 

I I 

HCv /C-CO2H 

H 

and, therefore, that in all ortho compounds the substituting 
groups bear this same relation to each other. Hence, by start- 
ing with the notion that the above formula represents phthalic 
acid, — and to this notion, it must be remembered, we are led 
independently of any facts connected with the formation of the 
acid from naphthalene, — the accepted formula of naphthalene 
follows naturally. And, on the other hand, we are led, by a 
study of naphthalene itself, to the accepted formula, and from 
this the above formula for phthalic acid follows. 

Derivatives of Naphthalene. 

An interesting fact which has been discovered by a study of 
the mono-substitution products of naplit\\a\e\i^ \a >(^^&^ — *»^^ 
twOs And only twOj varieties are knoYru. TYi'et^i \& «a. a.- ^\A 
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a )3-ohlor-naphthalene, an a- and a )3-broin-naphthalene, etc., 
etc. This fact is quite in harmony with the yiews held 
regarding the constitation of naphthalene, as will readily be 
seen by examining the formala somewhat more in detaU. 
We see that there are two, and only two, kinds of relations 
which the hydrogen atoms bear to the molecule; all those 
marked with an a being of one kind, and all those marked 
with a p being of another kind : — 

aH aH 

I I I 

p^\j\ /y^\ /GcLp 

C C 

aH aH 

Here, s^ain, a problem presents itself like that which was 
considered in connection with the di-substitation products of 
benzene. Om* theory gave us three formulas, and three com- 
pounds are known. The problem was, to determine which 
formula to assign to each compound. Here wc have two 
formulas for two brom-naphthalenes and other mono-substi- 
tution products of naphthalene, and we actually have two 
compounds; and the question arises, which of the two 
formulas must we assign to a given compound? The 
method adopted is simple, and can be explained in a few 
words. That nitro derivative of naphthalene which is known 
as a-nitro-naphthalene yields nitro-phthalic acid by oxida- 
tion; and the relation of the nitro group to the carboxyl 
groups, in this acid, has been determined. It is expressed 
by the formula 

HC^ ^C-COjjH 

I I 

HCv /C-COjjH 

H 
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while the formula of the other nitro-phthalic acid is 

H 



Formula n. 

As a-nitro-naphthalene yields the acid of formula I., it fol- 
lows that in it the nitro group must occupy the position of one 
of the hydrogen atoms marked a in the above formula for naph- 
thalene. Those substitution-products of naphthalene which 
belong to the same series as a-nitro-naphthalene are called a 
derivatives. In the fi compounds the substituting group or 
atom must occupy the place of one of the hydrogen atoms 
marked ^. 

Among the derivatives of naphthalene are the following : — 

Naphtho'io ctoid, Cion7.C02H, which bears to naphthalene 
the same relation that benzoic acid bears to benzene. 

a-Naphthol, C10H7 .OH. — This compound is made fromnaph- 
thalene in the same way that phenol is made from benzene : — 

1. By treating a-naphthyl-amine, C10H7.NH2, with nitrous 
acid. 

Note for Student. — Write the equations. 

2. By melting a-naphthalene-sulphonic acid with caustic 
potash. 

KoTE FOR Student. — Write the equation. 

a-Naphthol is a solid which melts at 96®. It has an odoi 
somewhat resembling that of phenol. Its general chemical 
conduct is much like that of phenol. To^w^xvi oi\^YL\\^% 
agents, however, its action is pecuUar. T\i\x«», ^Vets^ \ic5^«^^ 
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with potassium chlorate and hydrochloric acid, a di-chlorine 
substitution-product is formed; and at the same time a 
second oxygen atom enters, and the product has the char- 
acteristics of the quinones (which see). It is di-chlor- 
naphtho-quinone. It will be remembered that ordinary 
quinone is formed by the oxidation of hydro-quinone, a di- 
hydroxyl derivative. 

Some of the substitution-products of naphthol are used as 
dyes; as, for example, dinitro-naplvUiol^ CioH5(N02)20H, 
which is known as Martins' s Yellow; dinitro - napMhol- 
sulphonic acid^ CioH4(N02)2(S03H).OH, the potassium salt 
of which, K2C10H4N2SO8, is known as NapJithol Yellow S. 
With diazo compounds, naphtliol has a remarkable power of 
combination ; and a great many derivatives containing resi- 
dues of diazo compounds, and of naphthol or its substitution- 
products, have been made, and some of them have found 
application as dyes. The simplest compound of this kind is 
formed by bringing togetiier naphthol and diazo-benzene 
nitrate : — 

CioH,.OH + C6H5-N2-NO3 = CVHc I ^^^'^' + HNO3. 

It is called naplithol-diazo-henzene. The dye known as PoiV' 
Tier's Orange II. is a sulphonic acid of naphthol-diazo-benzene, 
and is probably formed by treating diazo-benzene-sulphonic acid 
with naphthol. 

Naphtho-quinone, doHeOa. — This compound is obtained 
by oxidizing naphthalene with chromic acid; also by oxidiz- 
ing a-amido-a-naphthol and other di-substitution products of 
naphthalene in which the two substituting groups are in the 
para position relatively to each other. It bears to naphthalene 
the same relation that ordinary quinone bears to benzene ; that 
is, it is naphthalene in which two hydrogen atoms are replaced 
by two oxygen atoms. 
It forma yellow needles, Yf\i\e\i m^X. ^\. Vl^"" , life, ordinary 
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qulQone, it is volatile with water vapor. Hydriodic acid con- 
verts it into hydro-naphtho-quinone : — 

NoTK FOR Student. — Compare with the action of reducing agents 
on ordinary quinone. 

Di-hydroxy-naphtho-quinone, OioH^Iq , is a dye 

known by the name naphtliazarin^ on account of its resem- 
blance to alizarin (which see) . 

Two homologues of naphthalene — methyl- and ethyl-naph- 
thalene — have been prepared. ^-Methyl-naphthalene has been 
found in coal tar. 

QUINOLINE AND ANALOGOUS COMPOUNDS. 

It has been stated, that, by distilling quinine and cinchonine 
with caustic potash, pyridine and some of its homologues are 
obtained. At the same time a base belonging to another series 
is formed, together with some of its homologues. This base is 
known as quinoline, to suggest its formation from quinine. It 
has the composition expressed by the formula C9H7N. It occurs 
in coal-tar, where an isomeric compound, called isoquinoline^ is 
also found.' Among compounds homologous with quinoline are 
the following : — 

Quinaldine, a-Methyl-quinoline . . . CioHgN. 
Lepidine, y-Methyl-quinoline .... C10H9N. 
Cryptidine CuHuN. 



Quinoline, C9H7N. — Quinoline is formed by the distillation 
of quinine, cinchonine, or strychnine, wltVi cqaxsAa.^ ^Q\ai^* ^^ 
is formed from certain derivatives o£ beuz^UQ* 
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1. By passing allyl-aniline over heated lead-oxide : — 

CeHfi.NH.CgHa = C9H7N + 4H. 

2. By heating together glycerin, aniline, and nitro-benzene :— 

(1) C6H5.NO2 + CgHA = C9H7N + 3 H2O + O2; 

(2) C6H5NH2 + C3HA = C9H7N + 3 H2O + H2 ; 

(3) 2 CeHgNHs + CeH^NOa + 3 CsHgOg = 3 C^H^N -f- 11 H^O. 

3. From di-chlor-quinoline : — 

C9H5CI2N + 4 H = C9H7N 4- 2 HCl. 

The last method is the most suggestive, as it leads to a defi- 
nite view in regard to the relation between qiiinoline and ben- 
zene. Di-ehlor-quinoiine is made b}' treating hydro-carbostyril 
with phosphorus pentaehloride. Hydro-carbostyril is the anhy- 
dride of ortho-amido-hvdro-cinnamic acid. This relation is 
partly expressed by the formula : — 

H H2 

HC^ "^C^ "^CHa 

I I I 

HC^ /C^ ^CO 

H H 

The transformation of h3'dro-carbostyril into di-chlor-quino- 
line takes place easily ; and the reaction can be best interpreted 
by assuming quinoline to be made up thus : — 

H H 

HC^ "^C^ ^CU 

I I I 

C N^ 

H 

, Quinoline is thus regarded as formed from the union of a 
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residae of benzene and a residue of pyridine, in the same way 
ttiat naphthalene is believed to be formed from two residues of 
benzene. The formula suggests the existence of two isomeric 
quinolines, in one of which the nitrogen is in the a position, as 
represented in the above formula, while in the other it is in 
the p position. Ordinary quinoline belongs to the a series; 
while isoquinoline belongs to the p series. 

Quinoline is a liquid which boils at 237®. Potassium perman- 
ganate converts it partially into cinchomeronic acid, C7H5NO4. 
This is a pyridine-dicarbonic acidy C5H3N(C02H)2. The for- 
mation of this acid is analogous to that of phthalic acid from 
naphthalene* 

Quinoline readily takes up hj'drogen, forming hydro-qicinoline, 
C9H9N, and tetra-hydro-quinoHne, CgHuN. These, as well as 
the hydrogen addition-products of pyridine, are believed to exist 
in the alkaloids. Tetra-hydro-quinoline has been found in the 
crude quinoline obtained by distilling cinchonine with caustic 
soda. 

Many derivatives of quinoline have been made. Substitution- 
products are obtained by treating nitro-products of substituted 
benzene with glycerin and aniline. 

A sulphonic acid is obtained by treatment of quinoline with 
sulphuric acid. From this, hydroxy-quinoline^ C9H6(OH)N, has 
been obtained. Hydroxy-quinoline, like quinoline itself, takes up 
hydrogen, forming tetra-hydro-hydroxy-quinoline^ C9H10.OH.N. 
Finall}', by treating this compound with methyl iodide, methyl 
is introduced, and a product obtained which is called hydrO' 
methoxy-quinoUn e: — 

Cj^HuON + CHgl = C10H13NO + HI. 

This substance resembles quinine, and its hydrochloric acid 
salt is used in medicine to some extent as a substitute for 
quinine. The salt is known as kairine. 



CHAPTER XX. 

HYDROCARBONS CONTAINING TWO BENZENE 
RESIDUES INDIRECTLY COMBINED. 

DiPHENYL and naphthalene have been shown to consist of two 
benzene residues in direct combination. Diphenyl-methane is 
an example of a hydrocarbon consisting of two benzene resi- 
dues in indirect combination, CeHs . CHg . CeH^. As diphenyl- 
methane is closely related to toluene, it was treated of in 
connection with the hydrocarbons of the benzene series. 
There are some hydrocarbons which have been shown to 
consist of two benzene residues united by means of resi- 
dues of unsaturated paraffins. The most important of these 
is the well-known anthracene. 

Anthracene, ChHiq. — Anthracene is formed under condi- 
tions similar to those which give rise to the formation of 
naphthalene, especiall}^ by heating organic substances to a 
high temperature, and is hence found in coal tar. 

It has been made synthetically from benzene derivatives 
by a number of methods : — 

1. By passing benzyl-toluene, CeH5.CH2.CcH4.CH8, over 
heated lead oxide : — 

C14H14 + 20 = C„Hio + 2 H2O. 

2. By heating benzyl-phenol with phosphorus pentoxide ; — 
2C6H5.CH2.C6H4(OH) = ChHjo + CeHo + CeH^COH) + H^O. 

8. By heating ortho-brom-benzyl bromide with sodium : — 

2CfiHj J^^Br j^^^^ ^ Q4H10 + 4NaBr -f- 2 H ; 
( Br(o) 
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= CeH^I^^JCeH^ + 4 NaBr + 2H. 

Anthracene is prepared in large quantity from those portions 
of coal tar which boil between 340° and 360°. The distillate 
is redistilled, and that which remains in the retort after the 
temperature has reached 350° is crystallized from xylene. It 
is then crystallized from alcohol, and finally sublimed. It is 
difficult to get it in perfectly pure condition. The color can 
be" removed by dissolving the substance in benzene, and expos- 
ing it to direct sunlight. It forms laminae, or monoclinic plates, 
which are fluorescent. It melts at 213°, and boils above 360°. 

Anthracene takes up hydrogen, forming di-hydro-anthracene^ 
C14H22, and hexa-hydro-anthracene, Ci4Hie. It takes up bromine 
and chlorine, forming first addition-products, and then substi- 
tution-products . 

Oxidizing agents convert anthracene into anthra-quinone, 
C14H8O2, just as they convert naphthalene into naphtha- 
quinone. 

The formation of anthracene from ortho-brom-benzyl-bro- 
mlde (see above) furnishes strong proof in favor of the view 
that anthracene consists of two groups, C6H4, united by the 
group C2H2; thus, C6H4 . C2H2 . C6H4. It hence appears as a 
diphenylene^ derivative of ethane, C2H2(C6H4)2, analogous to 
di^jhenyl-ethane, C2lli{C^fi)2- This conception may also be 
expressed thus: — 

H H 



I I 

HC \ / C — CH — C \ • GET 

H H 

This is the formula commonly accepted for anthracene. It is 

1 rheuylene = C^. 
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in harmony with a large number of facts, and has been an 
efficient aid in investigations on anthracene and its derivatives. 

Anthraquinone, CuHgOaf = CJ^ < ^^ > CJEuj. — Anthra- 

quinone is formed by direct oxidation of anthracene : — 

C14H10 + 03 = C14H8O2 -f- H2O. 

The simplest synthesis of anthraquinone that has been ef- 
fected consists in distilling calcium phthalate. It is believed 
that the reaction which takes place is analogous to that which 
takes place when the calcium salt of a monobasic acid is distilled. 
As is well known, in the latter case a ketone containing one 
carbonyl group is formed ; and it is believed that the product 
formed in the distillation of. calcium phthalate contains two 
carbonyl groups, and that it is a representative of a class of 
bodies which may be called diketcmes. The subject of diketones 
was briefly discussed under the head of Quinones (which see) . 
The equation representing the formation of anthraquinone from 
calcium phthalate is here given s — 



*^ 1 ICC 



90P'>Ca 
COO 



= CeH4<^g>CftH4 + 2CaC03. 



Experiment 80. Dissolve 58 commercial anthracene In 220«» hot 
glacial acetic acid. Slowly add to the boiling solution 608 chromic acid 
in 60CC acetic acid (60 p. c). Boil for some hours. After cooling, add 
760<» water; Mter; wash; dry; and sublime. 

Anthraquinone forms rhombic crystals. It sublimes in yellow 
needles; is insoluble in water, but slightly soluble in alcohol 
and ether. It is an extremely stable compound, resisting the 
action of alcoholic potash and oxidizing agents. Melted with 
solid potassium hydroxide, it yields benzoic acid : ^ 

C14H8O2 + 2 KOH = 2 C7H5O2K ; 

CeH^ < CO ^ ^«^^ + ^ ^^^ = ^ ^^^ .COOK. 
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Keducing agents convert it successively into oxanthranolj 
C14H10O2, anthranol^ CiJB^jqO^ and anthr<icenef CyJEL^i* These 
changes may be represented thus : — 

Oxanthranol. 

C<,H4 < ^JJ^^^^ >C^ + H, = Cl^< I >C^ + H,0 

^" CH 

Anthranol. 

C,H4< ^^^^^ >CeH4 + Ha = CeH4< | >CeH, + HA 
^'^ CH 

When heated with zinc dust, it yields anthracene. A great 
many derivatives of anthraquinone have been made. Among 
the best known are the hydroxyl derivatives, some of which 
are much-prized dyes which are manufactured in great quan- 
tities. 

The hydroxyl derivatives of anthraquinone can be made by 
melting either the bromine derivatives or the sulphonic acids 
with caustic potash. 

Alizarin, ^ 

Di-hydroxy-anthraquinone, {^^^^*^= Ci4H602{OH)2]. 
Alizarin is the well-known dye which is obtained from madder 
root. The substance found in the root is ruberythric acid^ a 
glucoside of the formula C20H22OU. When this is treated with 
dilute acids or alkalies or ferments, it is decomposed, yielding 
Alizarin and a glucose : — 

CaoH220u = Ci4Hg04 + CeHiaOe + H2O. 

Alizarin. Glnoose. 

It is formed by melting dichlor- or dibrom-anthraquinone 01 
anthraquinone-monosulphonic acid with caustic potash : — 

CwHA-SOgK + KOH + O = Ci^HeOaCOH)^ + K2SO,. 

Alizarin is now manufactured from anthracene on the large scale, 
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and large tracts of land which were formerly used for culti 
vating madder are now used for other purposes. 

Experimebt 81. Dissolve 20k anthraqulnone In a small quan- 
tity of fuming suiphuric acid, heating gradually to 260^. Dissolve 
tlie product in a litre of water. Neutralize with flneiy-powdered 
chalk; filter. Precipitate with a solution of sodium carbonate; 
i^'^Qv; and finally evaporate to dryness. The salt thus obtained is 
impure sodium anthraquinone-mono-sulphonate. In an iron crucible 
mix 108 of the sulphonate, 40« sodium hydroxide, and 38 potassium 
chlorate, and heat for several hours at 165° to 176°. The formation 
of alizarin, during the melting, is shown by the dark-purple color of 
the mass. When a little of this Is dissolved in water, it should form 
a beautiful purple-red solution. Continue the melting until the mass 
acts in this way. Dissolve the mass in |^ to 1^ water, and acidify. 
Alizarin is thrown down in brown amorphous flakes. Filter ofT, dry, 
and sublime between watch-glasses. 

Alizarin forms red needles, which melt at 275"* to 277''. It 
dissolves in alkalies, forming dark purple-red solutions. When 
heated with zinc dust, it yields anthracene. It was this reaction 
which gave the first clue to the nature of alizarin, and led, soon 
after, to its synthesis. 

Some compounds, isomeric with alizarin, and also derived 
from anthracene, are known. 

Tri-hydroxy-anthraquinone, ) '^"^'^^ lv.uxi5v^2 vv/xi/aj 
Purpurin is contained in madder root, and is therefore found 
in madder alizarin. It can be made by melting alizarin-sul- 
phonic acid with caustic potash, and also by melting tri-brom- 
anthraquinone with caustic potash. 

Anthrapurpurin, isopurpuriiiy Ci4H502(OH)8» is found in 
artificial alizarin. 



Phenanthrene, OuHio, which is isomeric with anthracene, is 
also found in the higher boiling parts of coal tar. The chemical 
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conduct of this hydrocarbon has led to the conclusion that it 
consists of two benzene residues directly united, as in diphenyl, 
CeHg— CeHg ; and that a further connection between. the benzene 
residues is established through a group — CII = CII — , thus 
giving as the expression of the structure the formula 

C6H4 — C6H4 

II. 

CH = CH 



CHAPTER XXL 

GLUCOSIDBS, ALKALOIDS, ETC. -CONCLUSION. 

Under the head of the sugars, reference was made (see p. 
180) to a class of bodies called glucosides^ which occur in 
nature in the vegetable kingdom. These bodies break up 
under the influence of dilute acids or ferments into sugar and 
other bodies. Thus, salicin breaks up, according to the equa- 



tion 



CeH4(OH)CH2(OC6HiA)+ H^O 
= CeHiaOe + C6H4(OH)CH20H 

Dextrose. Salicylic alcohol. 



into dextrose and salic3'lic ^.Icohol, the alcohol corresponding 
to salicylic acid. Some of the more important glucosides are 
mentioned below. 

Aesoulin, C15H16O9 + 1} H2O, occurs in the bark of the 
horse-chestnut tree (Aesculus Hippocastanum) . It breaks up 
into dextrose and aesculetin : — 

C15H16O9 -f- H2O = C6H12O6 + C9H6O4. 

Aesculin. Dextrose. Aescaletin. 

Its water solution shows blue fluorescence. 

Amygdalin, C20H27NO11 + 3 H2O, occurs particularly in bit- 
ter almonds ; also, in the kernels of apples, pears, peaches, 
plums, cherries, etc. With emulsin, which is an aqueous 
extract of almonds, amygdalin is broken up in benzoic alde- 
hyde, hj'drocyanic acid, and dextrose : — 

CaoHj^NOn -f 2 H2O = CyHgO -f CNH + 2 CeHiaO.. 

Tannins. — Under this head are included a large number of 
substances, some of which ate ^\\xeo«ivA^^. "IV^^ ^^e either 
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a blue or a green color with ferric salts. They have a bitter, 
astringent taste ; are precipitated by solutions of gelatin ; pre- 
cipitate solutions of metals, and absorb oxygen in alkaline 
solution. They also unite with animal membranes, forming 
compounds which resist the putrefactive forces, thus tanning 
them, or converting them into leather. Reference has already 
been made to gallo-tannic acid, which breaks up into gallic acid 
and glucose. 

Helicin, C13H16O7 + f H2O, is formed by the oxidation of 
salicin (which see) . It has also been made artificially by mix- 
ing an alcoholic solution of acetochlorhydrose with the potassium 
Gompound of salicylic aldehyde : — 

CeH^ClOsCCaHaO)^ + QHAK + 4 CaHeO 
= C13H1QO7 -f- KCl -|- 4 C2H5 .C2H3O2. 

Acetochlorhydrose is formed by heating dextrose with an 
excess of acetyl chloride. 

Helicin breaks up into dextrose and salicylic aldehyde. 

Indican, CieHsiNOi;, occurs in woad. It yields, among 
other products, dextrose and indigo blue : — 

CaeHgiNOir + 2 HgO = 3 CefiyoOe + CsH^NO. 

Indigo blue. 

MsTTonio acid, C10H19NS2O10, is found in the form of the 
potassium salt in black mustard seed. When treated with 
myrosin, which is contained in the aqueous extract of white 
mustard seed, potassium myronate is converted into dextrose, 
allyl mustard oil, and acid potassium sulphate : — 

CioHisNSAoK = CgHi^Oe + CaH^.NCS -f- KHSO4. 

* Salicin, C13H18O7, occurs in willow bark, and in the bark and 
leaves of poplars. Its decomposition into 8a.\\eN\\G ^e,cJoks\ ^\^^ 
dextrose has been referred to (see precedmg p^?>^^ • 
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Saponin, CS2H54O18, is found in soap root (Saponaria offici' 
nalis) . Its water solution forms a lather like that formed by 
soap. It is said that this is utilized for the purpose of giving 
to ^^ soda water" the appearance of effervescence. 

Alkaloids. 

The alkaloids are compounds occurring in plants, frequently 
constituting those parts of the plants which are most active 
when taken into the animal body. They are hence sometimes 
called the active principles of the plants. Many of these sub- 
stances are used in medicine. As regards their chemical char- 
acter, they are basic in the sense that ammonia is basic ; they 
contain nitrogen, and form salts, just as ammonia does, i.e., by 
direct addition to the acids. These and other facts lead to the 
belief that the alkaloids are related to ammonia— that they are 
substituted ammonias. Recently it has been shown that several 
of the alkaloids are related to pyridine (see p. 309) and quino- 
line (see p. 345) . Only a few of the more important alkaloids 
need be mentioned here. 

Alkaloids of Peruvian Baric, 

Quinine, C2CH24N2O2 + 3 H2O. — This valuable substance is 
obtained from the outer bark of the Cinchona varieties. When 
oxidized, it yields derivatives of pyridine. In view of the 
interest connected with quinine, the discovery of its relation to 
pyridine and quinoline has led to a large number of investiga- 
tions on the derivatives of these two bases, and it is probable 
that before long it will be possible to make quinine synthetically 
in the laboratory. 

The salts of quinine are formed by direct addition of the base 
to the acids. Thus, we have 

Quinine hydrochlonde . CaoH24N202 . HCl ; 
Quinine nitrate .... C20H24N2O2 . HNOg ; 
Quinine sulphate • . • C^^^^^.^i^O^., etc.^ etc 
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Cinchonine, O19H22N2O, cinohonidine, O19H22N2O, and 

other bases occur with quinine in Peruvian bark. 

Cocaine, C17H21NO4, is found in coca leaves {Erythroxylon 
coca) . Very little is known regarding its chemical nature. Its 
hydrochloric acid salt, C17H21NO4.HCI, has recently come into 
prominence in medicine, owing to the fact that it is a powerful 
anaesthetic. 

Nicotine, CjoHuNa, occurs in tobacco leaves in combination 
with malic acid. Potassium permanganate converts it into 
nicotinic acid, which is one of the possible pyridine-monocar- 
bonic acids. 

Alkaloids of Opium. 

Opium is the evaporated sap which flows from incisions in 
the capsules of the white poppy {Papaver somnifenim)^ before 
they are ripe. The two principal alkaloids contained in opium 
are morphine and narcotine. 

Morphine, C17H19NO3 + H2O, is a crystallizable solid which 
is diflScultly soluble in water, alcohol, and ether. When de- 
composed, it yields pyridine, trimethyl-amine, and phenanthrene, 
together with other products. 

Narcotine, C22H23NO7, has been shown to contain three 
methyl groups, which are split off, as methyl chloride, when 
the substance is heated with hvdrochloric acid. 

Piperine, C17H19NO3, is contained in black pepper. When 
treated with alcoholic potash, it breaks up into piperidine and 
piperic acid : — 

C17H19NO3 -f H2O = CsH^^N + C^^^,Ov 
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Piperidine, CiHuN, which, as just stated, is formed by the 
decomposition of piperine, has been made synthetically by treat- 
ing pyridine with nascent hydrogen : — 

C5H5N + 6 H = QHuN*. 

Pyridine. Piperidine. 

It may therefore be called hexa-hydropyridine (see p. 309) . 

Strychnine, C21H22N2O2, and bruoine, CgsHasNaO* + 4 H2O, 
are two alkaloids which occur in nux vomica. 



In the animal body occur a large number of <5omplicated sub- 
stances, the study of which, at this stage, would hardly be 
profitable. Thus, there are the albumins, caseins, and I'brin ; 
the coloring-matters of the blood, oxyhaemoglobin, haemoglobm, 
etc. It may be said that, notwithstanding the importance of 
these substances, our knowledge of their chemistry is q|uite 
limited. 

The study of the composition of animal substances, such 
as milk, urine, etc., and of the relations of the chemical s^ib- 
stances occurring in the body to the processes of life, is the 
object of physiological chemistry. Without a good knowledge 
of the general chemistry of the compounds of carbon, howevcpr, 
the subjects treated under the head of Physiological Chemist ly 
cannot be understood. 
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A. 

Acetamide, 197. 
Acetates, 59. 
Acetic acid, 57. 
Acetic aldehyde, 46. 
Acetic anhydride, HI. 
Acetone, 70. 
Acetophenone, 307. 
Acetyl chloride, HI. 
Acetylene, 224. 
Acid, Acetic, 57. 

Aconitic, 22^ 

Acrylic, 220. 

Adipic, 142. 

Alpha-toluic, 294. 

Amido-acetic, 1'.'4. 

Amido-benzoic, 291. 

Amido-caproic, 196. 

Amido-cinnamic, 329. 

Amido-forinic, 193. 

Amido-isethionic, 196. 

Amido-succinic, 197. 

Angelic, 220. 

Anisic, 305. 

Aspartic, 197. 

Azelaic, 142. 

Barbituric, 206. 

Behenic, 130. 

Benzoic, 285. 

Brassy lie, 142. 

Brom-propionic, 131. 

Butyric, 132. 

Capric, 129. 

Caproic, 129. 

Caprylic, 129. 



Acid, Carbamic, 191. 
Carbolic, 271. 
Carbonic, 156. 
Cerotic, 130. 
Chlor-acetic, 63. 
Chlor-propioiiic, 131. 
Cimic, 220. 
Cinnamic, 327. 
Citraconic, 223. 
Citric, 174. 
Crotonic, 221. 
Cyan-acetic, 141. 
Cyanic, 83. 
Cyanuric, 84. 
Dibrom-succinic, 172. 
Di-chlor-acetic, 63. 
Erncic, 220. 
Ethylene-lactic, 163. 
Ethylidene-lactic, 161. 
Fermentation lactic, 

38. 
Formic, 64. 
Fulminic, 102. 
Fnmaric, 222. 
Gallic, 306. 
Glyceric, Kid. 
Glycocholic, 158. 
Glycolic, 158. 
Glyoxylic, 170. 
Heptoic, 129. 
Hippuric, 293. 
Hydracrylic, 162. 
Hydro-cinnamic, 295. 
Hydrocyanic, 80. 
Hydrosorbic, 220. 
Hydroxy-succinic, 167. 



Acid, Hyenic, 130. 
Hypogaeic, 220. 
Isethionic, 165. 
Isobutyric, 133. 
Isophthalic, 298. 
Isosuccinic, 146. 
Itaconic, 223. 
Lactic, 160. 
Laurie, 130. 
Linole'ic, 229. 
Maleic, 222. 
Malic, 167. 
Malonic, 142, 144. 
Margaric, 130. 
Melissic, 130. 
Mellitic, 299. 
Mesaconic, 223. 
Mesitylenic, 295. 
Mesoxalic, 170. 
Mucic, 176. 
Myristic, 130. 
Naphthoic, 343. 
Nitro-benzoic, 290. 
Nitro-cinnamic, 329. 
Nitro-phenyl - propio- 

lie, 330. 
Nonoic, 129. 
Octoic, 129. 
Oleic, 221. 
Oxalic, 142. ^ 
Oxaluric, 206. 
Oxybenzoic, 304. 
Palmitic, 134. 
Parabanic, 205. 
Para-oxybenzoic, 304. 
Pelargonic, 129. 
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Acid, Phenyl-acetic, 29i. 

Phenyl-propiolic, 330. 

Phthalic, 297. 

Picric, 274. 

Pimelic, 142. 

Piperic, 357. 

Propiolic, 228. 

Propionic, 131. 

Protocatechidc, 305. 

Pmssic, 80. 

Pyrogallic, 279. 

Pyrotartaric, 142, 147. 

Kacemic, 172. 

Roccellic, 142. 

Saccharic, 176. 

Salicylic, 300. 

Sarcolactic, 161. 

Sebacic, 142. 

Sorbic, 228. 

Stearic, 134. 

Styphnic, 278. 

Suberic, 142. 

Succinic, 142, 144. 

Sulpho-cyanic, 84. 

Tannic, 306. 

Tartaric, 171. 

Tartronic, 167. 

Taurocholic, 196. 

Teracrylic, 220. 

Terephthalic, 298. 

Tetrolic, 228. 

Toluic, 294. 

Tri-carballylic, 152. 

Tri-chlor-acetic, 63. 

Trimesitic, 248. 

Uric, 207. 

Uvitic, 248. 

Vanillic, 306. 

Valeric, 133. 
Aconitic acid, 223. 
Acroleiin, 218. 
Acrylic acid, 220. 

aldqUyde, 218. 
Adipic acid, 142. 
Aesculin, 354. 
Alcohols, M. 



Alcohols, Di-acid, 136. 

Hex-acid, 153. 

Primary, 122. 

Secondary, 121. 

Tertiary, 124. 

Tetr-acid, 152. 

Tri-acid, 147. 
Aldehyde ammonia, 48. 
Aldehydes, 46, 128. 
Alizarin, 351. 
Alkaloids, 356. 
Allantoin, 207. 
Alloxan, 207. 
Allyl alcohol, 216. 

isosulpho-cyanate, 
217. 

mustard oil, 217. 

sulphide, 217. 
Alpha-toluic acid, 294. 
Amido-acetic acid, 194. 
Amido-acids, 192. 
Amido-benzeue, 262. 
Amido-benzoic acids, 291. 
Amido-cinnamic acids, 

329. 
Amido-formic acid, 193. 
Amido-toluenes, 263. 
Amygdalin, 354. 
Amyl alcohols, 126. 
Amylene, 213. 
Angelic acid, 220. 
Aniline, 262. 

dyes, 317. 
Anisic acid, 305. 
Anthracene, 348. 
Anthranilic acid, 291. 
Anthrapurpurin, 352. 
Anthraquinone, 350. 
Anthraquinone-sulphonic 

acids, 351. 
Arabinoses, 178. 
Arabite, 152. 
Arachidic acid, 130. 
Arsenic-methyl com- 
pounds, 104. 
Asparagine, 200. 



Aspartic acid, 197. 
Azelaic acid, 142. 

B. 

Barbituric acid, 206. 
Behenic acid, 130. 
Benzal chloride, 258. 
Benzaldehyde, 283. 
Benzene, 233. 

Dinitro, 261. 

Hexa-chlor, 255. 

hexachloride, 256. 
Benzene-sulphonic acid^ 

268. 
Benzine, 110. 
Benzoic acid, 285. 

Amido-, 291. 

Hydroxy-, 300. 

aldehyde, 283. 
Benzophenone, 307. 
Benzoyl chloride, 289. 
Benzyl alcohol, 281. 

cyanfde, 289. 
Bitter-almond oil, 283. 
Biuret, 204. 
Boiling-point, 8. 
Borneo camphor, 313. 
Borneol, 313. 
Brassylic acid, 142. 
Brom-ethane, 29. 
Brom-methane, 27. 
Bromoform, 28. 
Brom-propionic acid, 131. 
Brucine, 358. 
Butane, 20, 108, 114. 
Butter, 151. 
Butyl alcohols, 123. 
Butylene, 213. 
Butyric acid, 132. 

O. 

Cacodyl, 103. 

compounds, 104. 
Caifeine, 208. 
Camphor, 313. 

Artificial, 313. 
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Cane jsugar, 184. 
Capric acid, 129. 
Caproic acid, 129. 
Caprylic acid, 129. 
Caramel, 185. 
Carbamic acid, 193. 
Carbamide, 202. 
Carbamines, 88. 
Carbohydrates, 177. 
Carbolic acid, 271. 
Casein, 358. 
Cellulose, 187. 
Cerotic acid, 130. 
Chlor-acetic acid, 63. 
Chloral, 53. 

hydrate, 53. 
Chlor-ethane, 29. 
Chlorhydrin, 149. 
Chlor-methaue, 27 
Chloroform, 28. 
Chlor-propionic acid, 131. 
Cholic acid, 196. 
Cimicic acid, 220. 
Cinchonidine, 357. 
Cinchonine, 357. 
Cinnamic acid, 327. 

Amido-, 329. 

Nitro-, 329. 
Citric acid, 174. 
Coal tar, 232. 
Cocaine, 357. 
Collidine, 309. 
Coamarin, 329. 
Creatine, 201. 
Creatinine, 202. 
Cresols, 276. 
Crotonic acid, 221. 
Cuminic aldehyde, 285. 
Guminic aldehyde, 285. 
Cominol, 285. 
thuniuyl alcohol, 283. 
Cyan-acetic acid, 141. 
Cyan-amides, 201. 
Cyanates, IK). 
Cyanic acid, 83. 
Cyanides, 86. 



Cyanogen, 79. 

chlorides, 83. 
Cyan uric acid, 84. 
Cymene, 252. 
Cymogene, 110. 

D. 

Dextrin, 191. 

Dextrose, 179. 

Di-acetamide, 199. 

Diazo-benzene com- 
pounds, 264. 

Di-brom-benzene, 256. 

Di-chlor-acetic acid, 63. 

Dichlorhydrin, 149. 

Di-cyan-diamide, 201. 

Di-methyl-amine, 95. 

Di-methyl-benzene, 243. 

Di-methyl-carbinol, 127. 

Di-methyl-ethyl-flaethane, 
116. 

Di-methyl-ketone, 70. 

Di-methyl-phosphine, 103. 

Di-methyl-xan thine, 208. 

Dinitro-benzeue, 261. 

Dioxindol, 333. 

Diphenyl, 335. 

Di-phenyl-raethane, 316. 

Diphenyl ether, 273, 

Dipropargyl, 229. 

Dodecane, 108. 

Dulcite, 154. 

Durene, 233. 

Dynamite, 151. 

E. 

Eosin, 324. 
Erucic acid, 220. 
Erythrite, 152. 
Erythrose, 178. 
Ethane, 20, 24. 
Ether, 42. 
Ethereal salts, 06. 
Ethers, Formation of, 41. 
Ethers, Compound, 66. 
Mixed, 45. 



Ethyl acetate, 68. 

alcohol, 37- 
Ethyl aldehyde, 46. 

bromide, 29. 

carbamine, 88. 

carbinol, 127. 

chloride, 29. 

cyanide, 86. 
Ethylene, 213. 

chloride, 32. 

cyanide, 145. 

glycol, 136. 

lactic acid, 164. 
Ethyl ether, 42. 
Ethylidene chloride, 32, 

60. 
Ethyl iodide, 29. 

isocyanide, 88. 

isosulphocyanate, 92. 

mercaptan, 74. 

methyl ether, 45. 

mustard oil, 92. 

nitrate, 68. 

phosphate, 68. 

phosphoric acid, 68. 

sulphate, 68. 

sulphuric acid, 42, 68. 

F. 

Fats, 151. 

Fatty acids, 129. 

Fehling's solution, 181. 

Fermentation, 38. 
Alcoholic, 38. 
Lactic acid, 38. 

Ferments, 38. 

Ferricyanogen com- 
poimds, 82. 

Ferrocyanogen com- 
pounds, 81. 

Flashing-point, 110. 

Fluorescein, 323. 

Formic acid, 64. 
aldehyde, 46. 

Formula, constitutional, 
16. 



362 



INDEX. 



Formula, Determinati^ 

of, 12^ 
Fructose, 182. 
Fruit sugar, 182. 
Fuchsine, 319. 
Fulminates, 102. 
Fulminic acid, 102. 
Fumaric acid, 222. 

G. 

Galactose, 184. 
Gallic acid, 304. 
Crasoline, 110. 
Glucose, 179. 
Glncosides, 354. 
Glyceric acid, 166. 
Glycerin, 147. 
Glycerose, 178. 
Glycine, 158, 194. 
Glycocholic acid, 168. 
Glycocoll, 194. 
Glycolic acid, 158. 
Glycols, 136. 
Glyoxylic acid, 170. 
Grape sugar, 179. 
Guanidine, 201. 
Guanine, 208. 
Gums, 191. 
Gun cotton, 188. 

H. 

Hecdecane, 108. 
Helicin, 355. 
Heptanes, 108. 
Heptyl alcohols, 128. 
Heptoic acid, 129. 
Hexanes, 20, 108, 116. 
Hexyl alcohols, 128. 
Hexylene, 213. 
Hippuric acid, 293. 
Homology, 20, 108. 
Hydracrylic acid, 162. 
Hydrazines, 99. 
Hydro-carbostyril, 296. 
Hydro-ciDDamic acid, 295. 
Hydrocyanic acid, 80. 



Hydroquinone, 278. 
Hydrosorbic acid, 220. 
Hydroxy fatty acids, 155. 
Hydroxy succinic acids, 

167. 
Hyenic acid, 130. 
Hypogaeic acid, 220. 

I. 

Indican, 355. 
Indigo, 331. 
Indigo-blue, 332. 
Indigo-white, 333. 
Inversion, 185. 
Invert sugar, 185. 
lodo-ethane, 29. 
lodo-methane, 27. 
Iodoform, 28. 
Isatine, 291. 
Isethionic acid, 165. 
Isobutane, 114. 
Isobutyl alcohol, 124. 
Isobutyric acid, 133. 
Isocyanates, 90. 
Isocyanides, 88. 
Isohexane, 117. 
Isomerism, 31. 

Physical, 163. 
Isonitroso compounds, 

101. 
Isopentane, 116. 
Isophthalic acid, 298. 
Isopropyl alcohol, 120. 
Isopurpurin, 352. 
Isosuccinic acid, 146. 
Iso-sulpho-cyantes, 91. 
Itaconic acid, 223. 

K. 

Kairine, 347. 
Kerosene, 110. 
Ketones, 70. 

L. 

Lactic acidS) 1<60. 
Lactose, 1B&. 



Laurie acid, 130. 
Laurinol, 313. 
Leucine, 196. 
Levulose, 182. 
Lutidine, 309. 

M. 

Male'ic acid, 222. 
Malic acid, 167. 
Malonic acid, 142, 144. 
Malonyl urea, 206. 
Maltose, 187. 
Mannite, 153. 
Mannose, 184. 
Margaric acid, 130. 
Marsh gas, 20, 23. 
Melissic acid, 130. 
Mellitic acid, 299. 
Melting-points, 8. 
Mercaptans, 74. 
Mercury ethyl, 105. 

fulminate, 102. 
Mesaconic acid, 223. 
Mesitylene, 248. 
Mesitylenic acid, 295. 
Mesoxalic acid, 170. 
Metaldehyde, 49. 
Metamerism, 31. 
Methane, 20, 23. 
Methyl alcohol, 34. 

aldehyde, 46. 

amine, 94. 

bromide, 27. 

chloride, 27. 

cyanide, 86. 

iodide, 27. 
Methyl-phenyl ether, 27) 
Methyl-phosphine, 103. 
Methyl-phosphinic acic 

103. 
Methyl^ulphuric acid,6J 
Methylene iodide, 27. 
Milk sugar, 186. 
Morphine, 357. 
. Mucic acid, 176. 
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Myronic acid, 355. 


Parabanic acid, 205. 


^irpurin, 352. 


My rosin, 355. 


Para-cyanogen, 80. 


Pyridine, 309, 311, 358. 




Paraffin, 110. 


Pyrocatechin, 277. 


N. 


Paraffins, 108. 


Pyrogallic acid, 279. 


Naphtha, 110. 


Paraldehyde, 49. 


Pyrogallol, 279. 


Naphthalene, 336. 


Para - oxybenzoic acid , 


Pyrotartaricacid,142,147. 


Naphthols, 343. 


304. 


Pyroxylin, 188. 


Naphthotirtinone, 346. 


Para-rosaniline, 318. 




Narcotine, 357. 


Pentanes, 20, 108, 116. 


Q. 


Nicotine, 311, 357. 


Pentyl alcohols, 125. 


Quinaldine, 345. 


Nitriles, 87. f^ 


Perseite, 154. 


Quinine, 356. 


Nitro-benzene, 260. 


Petroleum, 109. 


Quinoline, 345. 


Nitro-benzoic acids, 290. 


Phenanthrene, 352. 


Quinone, ^. 


Nitro-celliilose, 188. 


Phenol, 271. 




Nitro-chloroform, 101. 


Nitro, 274. 


B. 


Nitro-cinnamic acids, 329. 


phthalein, 320. 


Racemic acid, 172. 


Nitroform, 101. 


Tri-nitro, 274. 


Resorcin, 277. 


Nitrogen, Estimation, 11. 


Phenyl acetate, 273. 


Resorcin-phthalein, 323. 


Nitro-glycerin, 151. 


Phenylacetic acid, 294. 


Rhamnose, 179. 


Nitro-methane, 100. 


Phenyl-acetylene, 330. 


Rhigolene, 110. 


Nitroso-com pounds, 101. 


Phenyl-acrylic acid, 327. 


Roccellic acid, 142. 


Nitro-toluenes, 261. 


Phenyl-amine, 262. 


Rosaniline, 319. 


Nonane, 108. 


Phenyl-ethyl alcohol, 283. 






Phenyl-mercaptan, 275. 


S. 


O. 


Phenyl-propyl alcohol, 


Saccharic acid, 176. 


Octane, 108. 


283. 


SaUcin, 355. 


Octyl alcohol, 128. 


Phosphines, 103. 


Salicylic acid, 300. 


Oils, Drying, 229. 


Phthalems, 320. 


Salicylic aldehyde, 302. 


Olefiant gas, 213. 


Phthalic acid, 296. 


Salicylid, 304. 


Oleic acid, 221. 


anhydride, 297. 


Saponification, 69. 


Olein, 151. 


Picoline, 309. 


Saponin, 356. 


Opium bases, 357. 


Picric acid, 274. 


Sarcosine, 195* 


Orcein, 279. 


Pimelic acid, 142. 


Sebacic acid, 142. 


Orcin, 279. 


Piperic acid, 357. 


Secondary alcohols, 121. 


Oxalates, 144. 


Piperidine, 311, 358. 


Soaps, 135. 


Oxalic acid, 142. 


Piperine, 357. 


Sodium ethyl, 104. 


Oxalnric acid, 206. 


Polymerism, 31. 


Sorbic acid, 228. 


Oxalyl tirea, 205. 


Primary alcohols, 122. 


Sorbite, 154. 


Oximes, 101. 


Propane, 20. 


Starch, 189. 


Oxindol, 295. 


Propargyl alcohol, 227. 


Stearic acid, 134. 


Oxybenzoic acid, 304. 


Propionic acid, 130. 


Stearin, 151. 




Propyl alcohol, 120. 


Strychnine, 358. 


P. 


Propylene, 213. 


Styphnic acid, 278. 


Pahnitic acid, 134. 


Protocatechuic acid, 305. 


StyTfti\€k,?a&. 


Palmitin, 151. 

Paper, 189. \ 


Prussic acid , 80. 


\ ^\.^t^\ «\<t^\iQVS». 


Pseudocumene, 251. 
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Substitution, 26. 
Sncciuic acid, 142, 144. 

anhydride, 146. 
Sugar of milk, 186. 
Sulpho^yanic acid, 84. 
Sulpho-cyanates, 91. 
Sulphonic acids, 76. 
Sulpho-urea, 206. 
Sulphur ethers, 75. 

T. 

Tannic acid, 306. 
Tannin, 806, 354. 
Tartaric acid, 171. 
Tartronic acid, 167. 
Taurine, 196. 
Taurocholic acid, 196. 
Terebenthene, 312. 
Terephthalic acid, 298. 
Teri)enes, 311. 
Tertiary alcohols, 124. 
Tertiary butyl alcohol, 

124. 
Tetra-chlor-methane, 28. 
Tetra - methyl - methane, 

116. 



Theine, 208. 
Theobromine, 208. 
Thymol, 278. 
Tolu balsam, 242. 
Toluene, 242. 

Amido, 263. 

Nitro, 261. 
Toluic acids, 294. 
Toluidines, 263. 
Tolyl carbinol, 283. 
Tri-acetamide, 199. 
Tri-brom-phenol, 274. 
Tri-carballylic acid, 152. 
Tri-chlor-acetic acid, 63. 
Trichlorhydrin, 149. 
Trimesitic acid, 248. 
Tri-methyl-amine, 96. 
Tri-methyl-carbinol, 127. 
Tri-methyl-phosphine, 

103. 
Tri-methyl-xanthine, 208. 
Tri-nitro-methane, 104. 
Tri-nitro-phenol, 274. 
Tri-nitro-resorcin, 278. 
Tri-phenyl-raethane, 316. 
Turpentine, 312. 



Unsaturated compounds, 

210. 
Urea, 202. 
Uric acid, 207. 
Uvitic acid, 248. 

V. 

Valeric acids, 133. 
Valylene, 229. 
Vanillic acid, 306. 
Vanillin, 306. 

W. 

Wood spirits, 34. 

X. 

Xanthine, 207. 
Xanthogenic acid, 157. 
Xylenes, 243. 
Xylidines, 264. 
Xylite, 152. 
Xylose, 179. 

Z. 
Zinc ethyl, 104. 
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ADVERTISEMENTS. 



SCIENCE. 



A Short History of Chemistry. 

By F. P. VfiNABLE, Professor of Chemistry in the University of North Carolina. 
171 pages. Cloth. Introduction price, ji^i.oo. 

THERE has long been a need for a short, systematically arranged 
History of Chemistry written in the English language. This 
book is issued with a view to filling this want. It is concise, and yet 
full enough to give a connected view of the growth and development 
of the science. Stress has been especially laid upon the rise of theories 
and the discussions over them, the overthrow of the felse and the sur- 
vival of the true. 

To the student, even the beginner in the science, as Victor Meyer 
has pointed out, the historical method is the most attractive and the 
most promising in results. 

This book is the outcome of a course of lectures, tested during 
three years' use with students. All of the chief authorities upon the 
subject have been consulted, and, where possible, the original writings 
referred to. The aim has been to so digest and systematize this mass 
of material to render it available. 



StereO'Chemistry : 



Its Development and Present Aspects. By Charlotte F. Roberts, Pro- 
fessor of Chemistry, Wellesley College. 160 pages. Cloth. Introduction price, 

THE object of this little book is to present in a somewhat elementary 
and compact form the most important results of the stereo-chem- 
ical investigation of the past twenty years. It is hoped that it may give 
to students of chemistry, who have not had the time or opportunity to 
follow the original papers which have appeared from time to time, a 
general idea of the work which has -been accomplished, and of that 
which remains to be done. 



The Elements of Chemical Arithmetic. 

With a Short System of Elementary Qualitative Analysis. By J. Milnor 
Co IT, Master in St. Paul's School, Concord, N. H. 95 pages. Cloth. Intro- 
duction price, 50 cents. 



4 SCIENCE 

m 

Elements of Inorganic Chemistry. 

Descriptive and Qualitative. By J. H. Shepard, Professor of Chemistry, 
South Dakota Agricultural College, and Chemist of the United States Experi- 
ment Station, S. D. 397 pages. Cloth. Introduction price, ^1.12. 

COMING as it does from the working laboratory of a practical in- 
structor, who has had the constant advice of fellow- teachers in 
all parts of the country, this text may be fairly taken as an exponent 
of the best methods of teaching chemistry. 

Its distinctive features are : experimental and inductive methods ; 
the union of descriptive and qualitative chemistry, thus allowing these 
kindred branches to supplement and illustrate each other ; a practical 
course of laboratory work illustrating the general principles and their 
application ; a fair presentation of chemical theories, and a concise- 
ness which confines the work to the required limits. 

It covers more fully than any other book the outline of work in the 
report of the Conference on Chemistry to the Committee of Ten. 
The work was thoroughly revised in 1 896, and presents the results of 
recent discoveries and the most accurate data now available. 

Elements of Chemistry. Briefer Course. 

Inorganic and Organic. By James H. Shepard, Professor of Chemistry, 
South Dakota Agricultural College, and Chemist to the United States Experi- 
ment Station, S. D. 248 pages. Introduction price, 80 cents. 

THIS course is prepared on the same plan as the author's Elements 
of Inorganic Chemistry, described above. The book is not a 
fragmentary compilation, but gives a concise and comprehensive view 
of the main principles of chemical science. The experiments are 
easily performed. The apparatus and chemicals required are inexpen- 
sive. It is well adapted to the needs of schools where the time is limited 
and where the teacher aims to db most of the work, and it has also 
found a warm welcome in schools possessing working laboratories. 

The Organic portion, although elementary, includes something more 
than the detached and disconnected *chemistry of a few important 
compounds. Enough of the principles underlying organic chemistry 
are introduced to enable the student to obtain a general knowledge of 
how organic substances originate and how they are related. 



SCIENCE, 



Physical Laboratory Manual. 

By H. N. Chute, Teacher of Physics, High School, Ann Arbor, Mich. 
236 pages. Cloth. Illustrated. Introduction price, 80 cts. 

THE following are some of the salient features of this new book 
I . The object of the book is to provide a series of problems, 
quantitative in character, which will train the student's powers of 
accurate observation and develop his ability to reason back to a gen- 
eral law from a partiQular set of observations. 

2. The apparatus required is simple, easy to manipulate, accurate, 
and not expensive. 

3 . The instructions in manipulation are so complete that an average 
student can carry on his work successfully with little or no assistance 
beyond that furnished under the several problems. 

4. Most of the problems are accompanied by cuts of the apparatus to 
be used, thereby imparting greater clearness to the directions. 

5. The problems selected are such as every student should solve if 
he expects to get a clear conception of the fundamental principles of 
modern physics. 

6. Many important problems present alternative methods, the better 
to adapt them to the conditions which prevail in laboratories. 

7. Special attention is paid to the manner of keeping a note-book, 
tabulating observations, and writing up reports. 

8. Many valuable physical tables are added for reference, so that the 
student may compare his work with others and know the measure of 
his success. 

9. A full list of apparatus with prices is added, to aid teachers in 
choosing their laboratory equipment. 

10. Teachers wishing to construct much of the apparatus will find 
the descriptions of the apparatus unusually complete, making it very 
easy to build successfully working pieces. 

1 1 . The book is designed for the student, to be used by him in the 
laboratory, to be studied by him in his study ; it is a student^s manual 
and not a repertory of experiments for the teacher. 

12. The manual is the outgrowth of many years^ experience in teach- 
ing practical physics to very large classes. Its methods axvd ^Vasvs.^ 
therefore, are not visionary, but are known \.o be Te^^3LO\e, 



SCIENCE, 



Elementary Practical Physics. 

By H. N. Chute, author of " Physical Laboratory Manual." Cloth. Illus-» 
trated. 407 pages. Introduction price, t9^ 1.12. 

INTENDED for students in high schools and colleges pursuing 
the study of Physits experimentally. It consists of a series of 
carefully selected qualitative and quantitative exercises, in which full 
directions are given regarding the preparation of the apparatus, and 
the manner of conducting the experiments, together with numerous 
suggestions about note-taking, making inferences from data, manage- 
ment of classes and equipment of rooms. It aims to place before the 
pupil an outline of the method by which Physics has been developed ; 
to teach him the general laws of science ; to prove to him that physics 
is more than a descriptive catalogue of interesting phenomena. 



A. O. Hale, Brooklyn High School^ 
N, Y. : I am convinced that it is one of 
the most valuable school books ever pub- 
lished in this country. 



Edward P. JohnBon, late Instruc- 
tor in Boston Latin School : After very 
careful examination I feel justified in pro- 
nouncing a decided opinion in its favor. 



Physical Measurement. 



A course of experiments in four parts, by Harold Whiting, Ph. D., late In- 
structor in Physics, Harvard University, 1883-1891. Cloth, 8vo., illustrated. 
1242 pages. Price, complete in one volume, {^3.75. Mathematical and 
Physical Tables. With explanations. 144 pages. Stitched. 50 cents. 

INTENDED for courses preparing students for Civil, Mechanical, and 
Electrical Engineering, Surveying, Astronomical work, Chemical 
Analysis, Physical Investigation, and other branches of Art and Science 
in which accurate measurements are required. 

Part I. Fifty measurements in Density, Heat, Light, and Sound. 
Part II. Fifty measurements in Sound, Dynamics, Magnetism and 
Electricity, Experiments for advanced students and Instruments of 
Precision. Part III. Principles and Methods of Physical Measure- 
ment, Physical Laws and Principles, and Mathematical and Physical 
Tables. Part IV. Appendix for the use of Teachers, including ex- 
amples of observations and reduction, and Index. 



O. B. Gross, Professor of Physics^ 
Mass. Inst, of Technology: There is no 
other book published which covers just 
the ground traversed by this. 



The Nation : It is one of the best, 
and perhaps the most original, much of 
the apparatus having been devised by the 
author. 



Science. 



Ballard's World of Matter. A guide to mineraiOfjy and chemistry. ^t.oo. 
Benton's Guide to General Chemistry. A manual for the laboratory. 35 cents. 

Beyer's Laboratory Siannal in Biology. An elementary guide to the laboratory study oi 
animals and plants. 80 cents. 

Boynton, Morse and Watson's Laboratory Manual in Chemistry. 50 cents. 

Chttte's Physical Laboratory Manual. A well-balanced course in laboratory phyeks, re* 
quirin? inexpensive apparatus. Illustrated. 80 cents. 

Chute's Practical Physics. For high schools and colleges. I1.12. 

Clark's Methods in Microscopy. Detailed descriptions of successful methods. |x.6o. 

Coit'S Chemical Arithmetic. With a short system of analysis. 50 cents. 

Colton's Physiology : Bxperimental and Descriptive. For liigh schools &L.d cJleges. 
Illustrated. {^1.12. 

Colton's Physiology: Briefer Course. For earlier years in high schools. Illustrated. 
90 cents. 

Colton's Practical Zoology. Gives careful study to typical animals. 60 cents. ' 

Grabfield and Bums's Chemical Problems. For review and drill. Paper. 25 cents. 

Hyatt's Insecta. A practical manual for students and teachers. Illustrated. ^1.25. 

Newell 's Bxperimental Chemistry. A modem text-book in chemistry for high schools 
and colleges, {^i.io. 

Orndorff 'S Laboratory Manual. Contains directions for a course of experiments in Organic 
Chemistry, arranged to accompany Remsen's Chemistry. Boards. 35 cents. 

Pepoon, Mitchell and Maxwell's Plant Life. A laboratory guide. 50 cents. 

/ Remsen's Organic Chemistr^r. An introduction to the study of the compounds of carbon. 
'i- For students of the pure science, or its application to arts. {^1.20. 

Roberts's Stereo-Chemistry. Its development and present aspects, i.oo. 

Sanford's Bxperimental Psychology. Parti. Sensation and Perception. I1.50. 

Shaler's First Book in Geology. Cloth, 60 cents. Boards, 45 cents. 

Shepard'S Inorganic ChQmistry . Descriptive and qualitative ; experimental and inductive ; 
leads the student to observe and think. For high schools and colleges. {^1.12. 

Shepard'S Briefer Course in Chemistry, with chapter on Organic Chemistry. For schools 
giving a half year or less to the subject, and schoou limited in laboratory facilities. 80 cents. 

Shepard'S Laboratory t^ote-Book. Blanks for experiments ; tables for the reactions of 
metallic salts. Can be ased with any chemistry. Boards. 35 cents. 

Spalding's Botany. Practical exercises in the study of plants. 80 cents. 

Stevens's Chemistry Note-Book. Laboratory sheets and covers. 50 cents. 

Tenable 's Short History of Chemistry. For students and the general reader. |i.oo. 

Walter, Whitney and Lucas's Animal Life. A laboratory guide. 50 cents. 

Whiting's Physical Measurement. I. Density, Heat, Light, and Sound. II. Dynamics, 
Magnetism, Electricity. III. Principles and Methods of Physical Measu.* ement, Phvv' 
cal Laws and Principles, and Tables. Parts I-IV, in one volume, $3.75. 



Whiting's Mathematical and Physical Tables. Paper. 50 cents. 
Williams's Modem Petrography. Paper. 25 cents. 

J^'or elementary works see our !u( of 
books in Elementary Science. 

D.C. HEATH & CO., Publishers, Boston, New York, Chicago 



Mathematics 



Barton's Theory of Eqaations. A treatise for college classes. $1.50. 

Bowser's Academic Algebra. For secondary schools. $1.12. 

Bowser's College Algebra. A full treatment of elementary and advanced topics. $x.5a 

Bowser's Plane and Solid Geometry. $1.25. Plane, bound separately. 75 cts. 

Bowser's Elements of Plane and Spherical Trigonometry. 90 cts. ; with tables, $1.40. 

Bowser's Treatise on Plane and Spherical Trigonometry. An advanced work for col- 
leges ''nd technical schools. $1.50. 

Bowser's Five-Place Logarithmic Tables. 50 cts. 

Fine's number System in Algebra. Theoretical and historical. $x.oo. 

Gilbert's Algebra Lessons. Three numbers: No. i, to Fractional £lquations; No. 2. 
through Quadratic Equations; No. 3, Higher Algebra. Each number, per dozen, $1.44. 

Hopkins's Plane Geometry. Follows the inductive method. 75 cts. 

Rowland's Elements of the Conic Sections. 75 cts. 

Lefevre'S number and its Algebra. Introductory to college courses in algebra. $1.25. 

Lyman's Geometiy Exercises. Supplementary work for drill. Per dozen, $1.60. 

McCurdy's Exercise Book in Algebra. A thorough drill book. 60 cts. 

Miller's Plane and Spherical Trigonometry. For colleges and technical schools. $x.i5. 
With six-place tables, $1.40. 

Nichol's Analytic Geometry. A treatise for college courses. $1.25. 

Ifichols' 8 Calculus. Differential and Integral. $2.00. 

Osborne's Differential and Integral Calculus. $2.00. 

Peterson and Baldwin's Problems in Algebra. For texts and reviews. 30 cts. 

Robbins'S Surveying and Navigation. A brief and practical treatise. 50 cts. 

Sch watt's Geometrical Treatment of Curves. $1.00. 

Waldo's Descriptive Geometry. A large number of problems systematically arranged and 
with suggestions. 80 cts. 

Wells's Academic Arithmetic. With or without answers. $1.00. 

Wells's Essentials of Algebra. For secondary schoob. $1.10. 

Wells's Academic Algebra. With or without answers. $z.o8. 

Wells's Hew Higher Algebra. For schools and colleges. $1.32. 

Wells's Higher Algebra. $1.32. 

Wells's University Algebra. Octavo. $1.50. 

Wells's College Algebra. $1.50. Part II, beginning with quadratics. $1.32. 

Wells's Essentials Of Geometry. (1^99.) $1.25. Plane, 75 cts. Solid, 75 cts. 

Wells's Elements of Geometry. Revised. (1894.) $1.25. Plank, 75 cts.; Solid, 75 cts. 

Wells's New Plane and Spherical Trigonometry. For colleges and technical schools. 
$1.00. With six place tables, $1.25. With Robbins's Surveying and Navigation, $1.50. 

Wells's Complete Trigonometry. Plane and Spherical. 90 cts. With tables, $1.08. 
Plane, bound separately, 75 cts. 

Wells's Hew Six-Place Logarithmic Tables. 60 cts. 

Wells's Four-Place Tables. 25 cts. 

For Arithmetics see enr list of books in Elementary Mathetnalies. 

D.C. HEATH & CO., Publishers, Boston, New York, Chicago 



English Literature. 



TllO Arden Shakespeare. The plays in theiivHterary aspect, each with introduction, inter 
pretative notes, glossary, and essay on metre. 25 cts. 

Burke '8 American Orations. (A. J. Gborgb.) Five complete selections. 50 cts. 

Bums's Select Poems. (A.J. George.) zi8 poems chronologically arranged, with intro- 
duction, notes and glossary. Illustrated. 75 cts. 

Coleridge's Principles of Criticism. (A.J. George.) From the Biographia Liter aria 
With portrait. 60 cts. 

Cook^l Judith. With introduction, translation, and glossary.' Cloth. 170 pr^es %\.o >. 
Student's Edition^ without translation. Paper. 104 pages. 30 cts. 

Cook's The Bible and English Prose Style. 40 cts. 

Corson's Introduction to Browning. A guide to the study of Browning's poetry. Also 
has 33 poems with notes. With portrait of Browning. $1.00. 

Corson's Introduction to the Study of Shakespeare. A critical study of Shakespeare's 
art, with comments on nine plays. $1.00. 

Davidson's Prolegomena to Tennyson's In Memoriam. A critical analysis, with an index 
of the poem*. 50 cts. 

DeQuincey's Confessions of an Opium Eater. (G. A. Wauchope.) A complete and 
scholarly edition. 50 cts. 

Hall's Beowulf. A metrical translation. 75 cts. Student* s edition, 30 cts. 

Hawthorne and Lemmon's American Literature. Contains sketches, characterizations, 
and selections. Illustrated with portraits. $1.12. 

Hodgkins's Nineteenth Century Authors. Gives full list of aids for library study of 26 
authors. A separate pamphlet on each author. Price, 5 cts. each, or $3.00 per hun- 
dred. Complete in cloth. 60 cts. 

Meiklejohn's History of English Language and Literature. For high schools and 
colleges. A compact and reliable statement of the essentials. 80 cts. 

Moulton's Four Years of Novel-Reading. A reader's guide. 50 cts. 

Moulton's Literary Study of the Bible. An account of the leading forms of literature 
represented, without reference to theological matters. $2.00. 

Plumptre's Translation of Aeschylus. With biography and appendix. $1.00. 

Plumptre's Translation of Sophocles. With biography and appendix. |i.oo. 

Shelley's Prometheus Unbound. (Vida D. Scudder.) With introduction and notes. 
60 cts. 

Simonds's Introduction to theStud]^of English Fiction. With illustrative selections. 
80 cts. i/r^V/trr^^^/V/iCff, without illustrative selections. Boards. 30 cts. 

Simonds's Sir Thomas Wyatt and his Poems. With biography, and critical analysis of 

his poems. 50 cts. 

Webster's Speeches. (A. J. George.) Nine select speeches with notes. 75 cts. 

Wordsworth'3 Prefaces and Essays on Poetry. (A. J. George.) Contains the best of 
Wordsworth's prose. 50 cts. 

Wordsworth's Prelude. (A.J.George.) Annotated for high schools and colleges. Never 
before published alone. 75 cts. 

Selections from Wordsworth. (A. J. George.) 168 poems chosen with a view to illus* 
trate the growth of the poet's mind and art. 75 cts. 

See also our list of books in Higher English and English Classics. 

D. C. HEATH & CO., Publishers, Boston, NewYork, Chicago 



Civics, Economics, and Sociology. 

BontweU's The Constitntion of thCLUiiited States at the End of the First 

Century, contains the organic laws of the United States, with references to the 
decisions of the Supreme Court from 1789 to 1889, which elucidate the text, and an his- 
torical chapter reviewing the steps which led to the adoption of these (Mrganic laws. 430 
pages. Buckram, 1^2.50. Full law sheep, 1^3.50. 

Dole's The American Citizen, a text-book in civics and morals for the higher 
grades of grammar schools, and for high schools, also contains the Constitution of United 
States, with analysis. 336 pages. 80 cents. 

Bpedal editions are made for Illinois, Indiana, Ohio, Missouri, Nebraska, North 
Dakota, South Dakota, Minnesota, Texas, West Virginia. 

Dole's The Young Citizen. The righU and duties of dtiaens presented in an attractive 
and helpful way. For grammar grades. 220 pages. Illustrated. 45 cents. 

Flickinger's Civil Goyemment. As developed in the states and in the United 
States. An historical and analytic study of civil institutions, for schools and colleges. 
374 pages, i^i.oo. 

Ooodale's Questions to Accompany Dole's The American Citizen, con- 
tains questions on the text and questions for class debate. 87 pages. Paper, 10 cents. 

Gide'S Principles of Political Economy. Translated from the French by Dr. 
Jacobsen of London, with introduction by Prof. James Bonar of Oxford, and an Ameri- 
can introduction by Prof. J. B. Clark of Columbia. 598 pages. Retail price, ;$2.oo. 
Special price for classes. 

Henderson's Introduction to the Study of Dependent, Defective, and 

Delin<lUent Classes. Second edition enlarged and rewritten. Adapted for use as a 
text-book for personal study and for clubs of men and women engagied in considering 
some of the gravest problems of society. 404 pages, i^i.so. 

Hodgin'S Indiana and the Nation. Contains the Civil Government of the State, as 
well as that of the United States, with questions. 198 pages. 60 cents. 

Lawrence's Principles of International Law. Embodies the latest results of dis- 
cussion and research, and traces the development of International Law in such a way 
as to show its relation to a few great ethical principles as well as its dependence upon 
the facts of history. The latest edition contains an Appendix that brings the discussion 
cC principles and instances down to September, 1900. 696 pages. #3.00. 

WenzePs Comparative View of Governments. Gives in parallel columns com- 

parisons of the governments of the United States, England, France, and Germany. 26 
pages. Paper, »o cents. 

Wilson's The State. Elements of Historical and Practical Politics. A text-book on 
the organization and functions of government. Revised edition, largely rewritten. 692 
pages. Retail price, ^2.00. Special price for classes. 

Wilson's United States Government. For high schools. 140 pnges. 50 cents. 

Sent by vtail^ posipaidy on /eceipt of price, 

D. C. HEATH & CO., Pub;ishers,Boston,New York, Chicago 
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